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This  annual  technical  report  has  been  prepared  for  the  United  States 
Air  Force  for  the  purpose  of  aiding  In  the  implementation  of  a  final  remedial 
action  plan  under  the  Air  Force  Installation  Restoration  Program  (IRP) .  As 
the  annual  technical  report  relates  to  actual  or  possible  releases  of 
potentially  hazardous  substances,  its  release  prior  to  an  Air  Force  final 
decision  on  remedial  action  is  in  the  public  interest.  The  limited  objectives 
of  this  annual  technical  report  and  the  ongoing  nature  of  the  IRP,  along  with 
the  evolving  knowledge  of  site  conditions  and  chemical  effects  of  the 
environment  and  health,  must  be  considered  when  evaluating  this  annual 
technical  report,  since  subsequent  facts  may  become  known  which  may  make  this 
annual  technical  report  premature  or  inaccurate.  Acceptance  of  this  annual 
technical  report  in  performance  of  the  contract  under  which  it  was  prepared 
does  not  mean  that  the  U.S.  Air  Force  or  the  Department  of  Defense  adopts  the 
conclusions,  recommendations,  or  other  views  expressed  herein,  which  are  those 
of  the  contractor  only  and  do  not  necessarily  reflect  the  official  position  of 
either  department. 

Copies  of  this  report  may  be  purchased  from: 

National  Technical  Information  Services 
5285  Port  Royal  Road 
Springfield,  VA  22161 
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Thla  Annual  Ttchnlcal  Report  praaanta  tha  Intarprativa  raaulta  for  analytical  and  hydrologic  data  during  groundwater 
aaapllng  and  analyala  actlvitiaa  at  NcClallan  ATI  from  August  1979  through  December  1988.  The  data  are  used  to 
evaluate  the  occurrence  and  migration  of  groundwater  contaminants,  to  assess  uncertslnty  in  the  sampling  and 
analytical  procesaes,  to  identify  any  hydrologic  and  analytical  trends  developing  over  time  and  to  evaluate  the 
effectiveness  of  the  Area  C  and  Area  D  extraction  systeaw. 

Tha  analytical  data  were  reviewed  In  terms  of  specific  Quality  Aseurance  and  Quality  Control  (QA/QC)  procedures.  The 
analytical  data  wera  found  to  meet  and  exceed  QA/QC  objectives.  Uncertainties  due  to  sampling  and  analytical 
variability  were  calculated  for  8  analytes  and  were  found  to  be  less  than  30  percent. 

In  Aree  A,  contaminants  have  been  detected  in  the  existing  wells  but  the  extent  of  groundwater  contamf netion  cannot 
be  determined.  In  Area  8,  pumping  of  on-  and  off-base  water  supply  wells  appears  to  be  the  dominant  factor  affecting 
groundwater  flow  directions  end  contaminant  migration.  In  Araa  C,  the  main  direction  of  contaminant  migration  has 
been  to  the  south,  following  the  regional  groundwater  flow  direction.  In  Ares  D  the  extraction  systeaw  appears  to  be 
working  effectively  to  control  groveriwator  flow  and  prevent  off-base  pigrstion  of  contaminants. 
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PREFACE 


Radian  Corporation  is  the  contractor  for  the  Installation  Restora¬ 
tion  Program  (IRP),  Stage  3  Remedial  Investigation/Feasibility  Study  (RI/FS) 
at  McClellan  Air  Force  Base  (AFB) ,  California.  The  work  is  being  performed 
for  the  AF  Occupational  and  Environmental  Health  Laboratory  (AFOEHL)  under 
AF  Contract  No.  F33615-87-D-4023 . 

This  Annual  Technical  Report  presents  the  results  and  interpretation 
of  data  collected  as  part  of  the  Sampling  and  Analysis  Program.  The  data 
evaluated  include  analytical  results  for  groundwater  samples  collected  from 
monitoring  and  extraction  wells,  and  groundwater  level  data  measured  from 
wells  on  and  in  the  vicinity  of  McClellan  AFB.  These  data  were  used  to 
evaluate  current  interim  remedial  measures  and  to  identify  trends  developing 
with  time. 


Key  Radian  project  personnel  were: 

Nelson  H.  Lund,  P.E.  -  Contract  Program  Manager 
Jack  D.  Gouge'  -  Delivery  Order  Manager 
Morey  Lewis  -  Project  Manager 
Deena  A.  Stanley  -  Project  Director 
Marie  T.  McCrink  -  Project  Director 

Radian  acknowledges  the  cooperation  of  the  McClellan  AFB  Office  of 
Environmental  Management.  In  particular,  Radian  acknowledges  the  assistance 
of  Mr.  Mario  Ierardi,  Mr.  Bud  Hoda,  and  Mr.  Gerald  Robbins,  McClellan  AFB 
Point  of  Contact. 

The  work  presented  herein  was  accomplished  between  01  August  1979 
and  31  December  1988.  Capt.  Jerald  E.  Styles,  Technical  Services  Division,  AF 
Occupational  and  Environmental  Health  Laboratory  (AFOEHL/TS)  was  the  Technical 
Program  Manager. 
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EXECUTIVE  SUMMARY 


This  annual  technical  report  examines  the  analytical  and  hydrologic 
data  collected  through  December  1988  under  the  Groundwater  Sampling  and 
Analysis  Program.  The  objectives  of  this  examination  are  to: 

•  Summarize  the  analytical  and  hydrologic  data; 

e  Characterize  the  analytical  data  in  terms  of  uncertainty  and 
seasonality; 

e  Evaluate  the  past  and  present  occurrence  of  the  most  commonly 
detected  analytes ; 

e  Identify  analytical  trends  and  groundwater  flow  patterns,  in 
local  areas  of  the  base;  and 

e  Evaluate  the  effectiveness  of  the  two  extraction  systems 
located  in  Areas  C  and  D. 

Back&rwnd 

Past  disposal  practices  and  activities  involving  solvents  such  as 
trichloroethene  (TCE)  at  McClellan  Air  Force  Base  (AFB)  have  resulted  in 
contamination  of  the  groundwater  beneath  McClellan  AFB.  Groundwater  samples 
from  several  water  supply  wells ,  located  both  on  and  off  base  have  contained 
chemical  compounds  at  concentrations  exceeding  state  or  federal  drinking  water 
standards.  In  order  to  address  the  groundwater  contamination  problem, 
McClellan  AFB  began  a  Remedial  Investigation/Feasibility  Study  (RI/FS)  process 
in  1979.  Remedial  investigations  have  focused  on  characterizing  the  problem, 
and  collecting  data  on  the  existence  and  extent  of  contamination.  Feasibility 
study  activities  involve  assessing,  selecting  and  implementing  suitable 
technologies  to  solve  the  environmental  and  health  risk  problems  Identified 
under  the  remedial  investigation. 
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Groundwater  samples  and  water  level  data  have  been  collected  every 
three  months’  from  monitoring  wells  located  on  and  off  base  since  1985.  These 
data  have  been  collected  under  the  Groundwater  Sampling  and  Analysis  Program 
and  are  an  important  part  of  the  ongoing  remedial  investigations.  The 
analytical  and  hydrologic  data  collected  over  the  three  month-period  have  been 
presented  in  quarterly  reports  and  data  summaries.  This  annual  technical 
report  looks  at  all  the  quarterly  data  collected  since  1985  in  order  to  assess 
the  lateral  and  vertical  extent  of  the  groundwater  contamination.  It  also 
identifies  the  movement  of  the  contaminants  and  important  factors  affecting 
groundwater  flow  and  contaminant  ligration. 

Findin&g 

The  first  step  of  this  technical  investigation  is  to  establish  the 
quality  of  the  analytical  data.  The  analytical  data  are  reviewed  in  terms  of 
the  Quality  Assurance  and  Quality  Control  (QA/QC)  procedures  specified  in  the 
Quality  Assurance  Project  Plan  (QAPP)  (Radian,  Draft  Copy,  October  1988).  The 
distribution  of  analytical  results  do  not  follow  the  typical  pattern  of  a 
bell -shaped  curve.  Thus,  specific  statistical  procedures  for  non-normally 
distributed  data  are  used  to  evaluate  analytical  trends. 

The  sampling  and  analytical  variability  associated  with  each  of  the 
most  commonly  detected  contaminants  were  determined.  The  most  commonly 
detected  groundwater  contaminants  include  TCE,  tetrachloroethene  (PCE) , 
1,1,1-trichloroe thane  (1,1,1-TCA)  total  1,2-dichloroethene  (total  1,2-DCE) 
1,2-dichloroethane  (1,2-DCA),  1 , 1-dichloroethene  (1,1-DCE)  1 , 1-dichloroe thane 
and  chloroform.  The  total  uncertainties  due  to  sampling  and  analytical 
variability  calculated  for  these  eight  contaminants  were  all  less  than  30 
percent.  For  every  reported  concentration  for  these  analytes,  there  is  an 
uncertainty  of  less  than  30  +  percent. 

The  analytical  data  and  hydrologic  factors  were  discussed  for  each 
of  10  geographic  areas.  These  areas,  shown  in  Figure  S-l,  Include  five 
on-base  areas  (Area  A,  Area  B,  Area  C,  Area  D,  and  other  On-Base  Areas),  and 
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five  off-base  areas  (Southeast,  Southwest,  West,  Northwest,  and  Northeast). 
The  discussion  for  each  area  includes  potential  sources  of  groundwater  con¬ 
taminants,  local  groundwater  flow  directions,  influences  on  groundwater  flow 
directions,  hydraulic  gradients,  past  and  present  occurrences  of  contaminants, 
analytical  trend  analysis,  and  apparent  migration  of  contaminants. 

In  Area  A  and  the  Southeast  Area,  there  is  a  limited  number  of 
monitoring  wells;  thus  the  local  groundwater  flow  is  poorly  defined  and  water 
quality  data  are  available  for  only  certain  parts  of  these  areas.  Historical 
analytical  data  from  monitoring  wells  that  are  now  dry,  and  recent  analytical 
data  from  the  few  remaining  monitoring  wells  indicate  that  contaminants  are 
present  in  the  shallow  and  middle  monitoring  zones.  Detected  contaminants 
include  TCE,  chloroform,  and  total  1,2-DCE.  Concentrations  of  contaminants 
detected  in  monitoring  wells  range  up  to  198  ug/L,  19  ug/L  and  34  ug/L, 
respectively.  In  addition,  carbon  tetrachloride  has  been  consistently 
detected  in  one  middle  zone  monitoring  well  at  concentrations  of  approximately 
8.5  ug/L.  Because  there  are  no  deep  wells  in  Area  A,  the  vertical  extent  of 
groundwater  contamination  cannot  be  assessed.  Additional  wells  are  to  be 
installed  in  Area  A  with  the  Preliminary  Groundwater  Operable  Unit  Remedial 
Investigation  (PGOURI)  (Radian,  March  1989),  which  will  aid  in  this 
assessment. 


In  Area  B  and  the  Southwest  Area,  high  levels  of  TCE  and  total 
1,2-DCE  (above  state  and  federal  drinking  water  standards)  have  been  detected 
in  shallow,  middle,  and  deep  monitoring  zones.  The  concentrations  of  TCE 
range  up  to  2,990  ug/L.  Contaminants  appear  to  be  following  the  regional 
groundwater  flow  direction  from  the  north  to  the  south.  Samples  from  shallow 
and  middle  zone  monitoring  wells  located  approximately  1,200  feet  west  of  Area 
B  have  contained  low  levels  of  TCE.  Pumping  by  the  base  water  supply  well 
BV-18  appears  to  have  Influenced  contaminant  distribution  and  migration  by 
affecting  local  groundwater  flow.  Trlchloroethene  has  been  detected  in 
samples  from  BV-18.  A  wellhead  treatment  system  for  organic  compounds  has 
been  in  place  at  BV-18  since  mid- 1985.  Treated  water  from  BV-18  is  sampled 
weekly  to  ensure  no  detectable  contaminants  are  present  in  the  base  potable 
water  supply. 
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In  Area  C,  contaminants  including  TCE,  1,2-DCA  and  total  1,2-DCE 
have  been  detected  in  the  shallow,  middle,  deep  "A”  and  deep  "B"  monitoring 
zones.  The  highest  level  of  contamination  has  been  detected  immediately  south 
of  the  Industrial  Wastewater  Treatment  Plant  (IWTP).  Trichloroethene  con¬ 
centrations  ranged  up  to  52,000  ug/L.  Contaminants  appear  to  be  migrating 
south  as  a  result  of  the  regional  gradient  caused  by  pumping  of  on- and  off- 
base  water  supply  wells.  Pumping  of  an  extraction  system  in  Area  C  began  in 
August  1988.  The  extraction  system  consists  of  four  extraction  wells  screened 
in  the  middle  deep  "A"  and  deep  "B"  monitoring  zones.  The  present  screen 
depths  and  configuration  of  monitoring  wells  in  Area  C  do  not  provide  data  for 
an  evaluation  of  the  effect  of  groundwater  extraction  on  local  hydraulic  gra¬ 
dients.  There  are  limited  analytical  data  collected  since  the  extraction 
system  was  initiated  in  the  summer  of  1988.  Data  collected  to-date  will 
provide  a  baseline  for  assessments  of  future  analytical  results. 

Low  levels  of  TCE,  total  1,2-DCE  and  chloroform  (below  state  and 
federal  drinking  water  standards)  have  been  detected  in  two  shallow  zone 
monitoring  wells  located  in  the  West  Area.  One  of  these  wells  is  located 
approximately  2,200  feet  west  of  McClellan  AFB.  The  TCE  concentrations  in 
this  well  presently  show  a  decreasing  trend.  Groundwater  flow  in  the  West 
Area  is  presently  toward  the  base,  thus  there  is  limited  potential  for  off- 
base  migration  of  contaminants. 

In  Area  D  and  the  Northwest  Area,  the  major  factor  affecting  ground- 
water  flow  directions  and  thus,  contaminants  movement  is  the  Area  D  extraction 
system.  The  extraction  system,  in  operation  since  March  1987,  appears  to  be 
effectively  controlling  the  local  groundwater  flow  direction,  as  Indicated  by 
the  potentlometrlc  surface  maps  for  the  shallow  and  middle  monitoring  zones 
(Plates  2  and  3).  Groundwater  flow  directions  in  the  deep  monitoring  zone 
also  appear  to  be  affected  by  the  extraction  system.  Decreasing  concentration 
trends  have  been  detected  for  TCE,  1,1,1-TCA,  1,2-DCA,  1,1-DCE  and  1,1-DCA  in 
three  off-base  shallow  zone  monitoring  wells.  Decreasing  concentrations  haye 
also  been  detected  for  the  same  analytes  in  three  on-base  monitoring  well? 
screened  in  the  middle  and  deep  zones.  As  an  example  of  these  decreasing 
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trends,  time  series  plots  for  three  off -base  monitoring  wells  (KW-91,  HU- 1004 
and  MW-1005)  and  one  on-base  monitoring  well  (MW-54)  are  presented  in  Figure 
S-2).  Concentrations  of  TCE  have  ranged  up  to  26,600  ug/L  in  shallow  zone 
monitoring  wells  during  1988. 

Recommendations 

Based  on  the  findings  of  this  report,  several  limitations  of  the 
existing  data  and  monitoring  well  network  were  identified.  In  Area  A  and  the 
Southeast  Area,  additional  water  level  and  analytical  data  sampling  points  are 
needed  to  define  groundwater  flow  and  the  extent  of  contamination.  In  Area  B 
and  the  Southwest  Area,  there  is  a  lack  of  data  to  identify  the  potential  for 
off-base  groundwater  and  contaminant  movement.  There  is  also  a  lack  of  data 
to  define  groundwater  flow  patterns  between  Area  B  and  Area  C.  Additional 
monitoring  wells  are  needed  to  describe  the  extent  of  contamination  and  to 
assess  contaminant  movement.  In  Area  C,  additional  monitoring  wells  are 
needed  to  determine  the  effectiveness  of  the  extraction  system  on  controlling 
groundwater  flow  and  contaminant  migration. 

Specific  recommendations  to  address  these  data  limitations  are  not 
included  in  this  report  because  other  Remedial  Investigation/Feasibility  Study 
(RI/FS)  activities  have  been  Initiated  to  provide  additional  information  or 
because  these  recommendations  have  been  made  previously  in  other  quarterly 
reports  and  data  summaries.  (Radian  Quarterly  Reports  from  Fourth  Quarter 
1987  through  Third  Quarter  1988,  and  Data  Summary,  October  through  December 

1988) .  As  part  of  the  PGOURI  (Radian,  March  1989),  additional  monitoring 
wells  and  piezometers  will  be  installed  to  provide  water  quality  and 
hydrogeologic  data  in  the  areas  identified  above.  The  PGOURI  (Radian,  March 

1989)  identifies  the  specific  locations  and  screened  intervals  of  these 
monitoring  wells  and  piezometers.  As  conditions  change,  such  as  the  pumping 
rates  or  schedules  of  water  supply  wells,  additional  hydrologic  and  analytical 
data  may  be  needed  to  define  the  groundwater  contamination  problem. 
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INTRODUCTION 


This  report  Is  the  second  in  a  series  of  technical  reports  written 
periodically  to  interpret  data  obtained  from  the  Groundwater  Sampling  and 
Analysis  Program  at  McClellan  Air  Force  Base  (AFB) ,  California.  The  previous 
technical  report  (Semiannual  Informal  Technical  Report,  September  1988) 
presented  data  collected  by  Radian  Corporation  (Radian)  and  other  contractors 
from  1981  to  March  1988.  This  report  includes  data  collected  from  1981 
through  December  1988. 

McClellan  AFB  was  established  in  1936  as  a  repair  depot  and  supply 
base  for  the  War  Department  (predecessor  of  the  Department  of  Defense). 
McClellan  AFB  was  and  continues  to  be  involved  in  operations  that  require  the 
use  of  industrial  solvents,  cleaners,  chemicals,  fuels,  oils,  and  lubricants. 
In  the  past,  many  of  these  materials  contained  toxic  and  hazardous  substances 
that  were  buried  in  waste  pits  located  predominantly  along  the  western  edge  of 
the  base.  These  disposal  practices  were  discontinued  in  the  1970s  and  in  1979 
the  first  groundwater  investigations  began  at  McClellan  AFB.  Analysis  of 
samples  collected  from  selected  on-and  off-base  water  supply  wells  indicated 
contaminant  levels  high  enough  to  shut  down  production  from  several  wells.  By 
1985,  site  characterization  studies  confirmed  that  hazardous  substances  from 
past  disposal  activities  had  entered  the  groundwater  at  certain  areas  within 
the  base  boundaries. 

In  order  to  remediate  contaminated  groundwater  problems,  the  United 
States  Environmental  Protection  Agency  (U.S.  EPA)  has  established  a  specific 
sequence  of  actions  for  responding  to  the  release  of  a  hazardous  substance 
into  the  environment.  This  sequence  is  called  the  remedial  investigation/ 
feasibility  study  (RI/FS)  process.  The  remedial  investigation  phase  focuses 
on  site  characterization,  which  involves  the  collection  of  all  necessary  data 
to  determine  the  magnitude  and  extent  of  contamination.  The  feasibility  study 
phase  involves  researching  and  selecting  suitable  technologies  for  solving  the 
contamination  problem  Identified  by  the  remedial  investigation. 
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Activities  and  goals  of  the  McClellan  AFB  Groundwater  Sampling  and 
Analysis  Program  address  parts  of  both  the  Remedial  Investigation  and  the 
Feasibility  Study  processes.  The  Sampling  and  Analysis  Program  was  initiated 
to  identify  and  evaluate  the  extent  of  groundwater  contamination  beneath  and 
in  the  vicinity  of  the  base  boundaries.  Groundwater  evaluation  addresses  one 
aspect  of  the  site  characterization  process  in  a  remedial  investigation.  To 
address  the  feasibility  study  phase  of  the  process,  the  Air  Force  implemented 
several  interim  remediation  measures.  These  included  converting  residences 
with  affected  water  wells  from  private  to  municipal  water  supplies,  installing 
a  synthetic  liner  and  clay  cap  at  one  on-base  location,  and  installing  ground- 
water  extraction  systems  at  two  on-base  locations.  Quarterly  groundwater 
sampling  and  analysis,  and  ongoing  evaluation  of  other  remediation  measures 
are  part  of  a  continuous  effort  in  support  of  the  RI/FS  activities  at 
McClellan  AFB. 

This  technical  report  has  five  primary  objectives: 

e  Summarize  analytical  and  hydrologic  data; 

•  Evaluate  sampling  and  analytical  uncertainty; 

e  Evaluate  occurrence  and  migration  of  contaminants ; 

•  Identify  and  interpret  analytical  and  hydrologic  trends;  and 

e  Evaluate  the  effectiveness  of  the  Area  D  and  Area  C  extraction 

systems. 

The  first  objective  is  to  summarize  analytical  and  hydrologic  data 
that  were  collected  from  1981  to  the  end  of  1988 .  Analytical  data  that  were 
collected  by  contractors  who  preceded  Radian  can  only  be  used  to  qualitatively 
evaluate  the  historical  occurrence  of  contaminants.  This  is  because  the 
quality  assurance/quality  control  (QA/QC)  data  and  procedures  could  not  be 
evaluated  for  those  data.  In  mid- 1985,  Radian  began  installing  and  sampling 
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monitoring  wells  off  base  and  in  perimeter  areas  of  the  base.  Since  then,  all 
Radian -collected  data  have  been  validated  using  strict  QA/QC  procedures  and 
can  be  used  to  quantitatively  assess  groundwater  contamination  problems  at 
McClellan  AFB.  Hydrologic  data  collected  by  Radian  and  previous  contractors 
can  be  used  to  estimate  aquifer  parameters.  Greater  confidence  is  placed  on 
those  results  from  multiple -well  aquifer  tests.  Summaries  of  existing  ana¬ 
lytical  and  hydrologic  data  are  discussed  by  areas  in  Section  3 ,  Contaminant 
Distribution  Migration.  Meanwhile,  new  analytical  and  hydrologic  data  will  be 
collected  throughout  1989.  The  Preliminary  Groundwater  Operable  Unit  Remedial 
Investigation  (PGOURI)  has  approximately  80  new  monitoring  wells  scheduled  to 
be  Installed  and  42  aquifer  tests  planned  (Radian,  October  1988). 

The  second  objective  of  this  report  is  to  evaluate  sampling  and 
analytical  uncertainty.  Some  amount  of  uncertainty  is  inherent  in  any  en¬ 
vironmental  measurement  system  and  must  be  quantified  before  results  can  be 
considered  valid.  Once  the  data  are  validated,  they  can  be  used  to  Identify 
increases  or  decreases  in  contaminant  concentrations.  Section  2,  Qualifi¬ 
cation  and  Statistical  Analysis  of  Data,  addresses  this  topic. 

The  third  objective  of  this  report  is  to  evaluate  the  occurrence  and 
migration  of  selected  contaminants.  The  most  commonly  detected  contaminants 
include  trichloroethene  (TCE) ,  tetrachloroethene  (PCE) ,  1 , 1-dichloroethene 
(1,1-DCE),  total  1,2-dichloroethene  (total  1,2-DCE),  1,2-dichloroethane 
(1,2-DCA),  1 , 1-dlchloroe thane  (1,1-DCA),  1,1,1-trichloroe thane  (1,1,1-TCA), 
vinyl  chloride,  chloroform,  and  carbon  tetrachloride.  Section  3,  Contaminant 
Distribution  and  Migration,  identifies  by  area  and  monitoring  zone,  the 
historic  and  current  presence  of  these  key  contaminants.  Potential  sources  in 
each  area  that  may  affect  contaminant  distribution,  and  hydrogeologic  factors 
that  influence  horizontal  and  vertical  migration  of  contaminants  are  summar¬ 
ized.  Compilation  of  these  data  has  been  essential  in  helping  to  define  the 
general  areas  of  contamination  and  possible  migration  pathways.  This  infor¬ 
mation,  in  turn,  has  been  used  in  establishing  preliminary  areas  that  may 
require  groundwater  operable  units. 
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Once  data  have  been  validated  and  contaminant  distribution  has  been 
evaluated,  the  fourth  objective  is  to  identify  and  Interpret  hydrologic  and 
analytical  trends.  Hydrologic  trends  refer  to  the  variations  in  groundwater 
flow  directions.  Locally,  upward  or  downward  vertical  hydraulic  gradients, 
horizontal  hydraulic  gradients,  and  radial  flow-patterns  can  be  determined. 
Analytical  trends  refer  to  statistically  significant  patterns  of  increasing  or 
decreasing  concentrations  with  time  for  the  key  contaminants  listed  above. 
Both  hydrologic  and  analytical  trends  are  addressed  in  Section  3,  Contaminant 
Distribution  and  Migration.  These  trends  can  be  interpreted  to  identify 
contaminant  migration,  assess  the  effects  of  pumping  of  water  supply  wells, 
and  help  evaluate  future  remedial  measures.  This  objective  is  crucial  in 
assessing  the  risks  to  public  health  and  the  environment,  an  overriding  goal 
of  the  Sampling  and  Analysis  Program  and  the  RI/FS  process. 

The  fifth  and  final  objective  of  this  report  is  to  evaluate  the 
effectiveness  of  the  Area  D  and  Area  C  extraction  systems.  The  Area  D  extrac¬ 
tion  system  has  been  in  operation  since  March  of  1987  and  appears  to  be 
effectively  controlling  groundwater  from  flowing  off-base  in  that  area.  The 
Area  C  extraction  system  became  operational  on  29  August  1988,  but  cannot  be 
evaluated  with  the  spatial  locations  of  the  present  monitoring  wells  and  the 
depths  of  the  well  screens.  The  limitations  of  the  existing  monitoring  wells 
are  discussed  more  thoroughly  in  Section  3.3.  To  remedy  this,  the  installa¬ 
tion  of  25  piezometers  and  4  monitoring  well  clusters  is  planned  as  part  of 
the  Preliminary  Groundwater  Operable  Unit  Remedial  Investigation  (PGOURI) 
(Radian,  March  1989).  Both  of  the  extraction  systems  are  reviewed  in  Section 
3.0. 


The  available  analytical  data  are  used  both  qualitatively  and 
quantitatively  depending  on  when  the  data  was  collected.  Radian's  contract 
with  the  United  States  Air  Force  Occupational  and  Environmental  Health  Lab¬ 
oratory  (AFOEHL)  commenced  in  mid-1985.  Prior  to  this,  several  other 
contractors  had  compiled  analytical  data  from  groundwater  monitoring  wells  at 
McClellan  AFB.  These  data  have  been  useful  in  qualitatively  evaluating  the 
extent  of  groundwater  contamination  in  the  recent  past.  However,  for  the 
purpose  of  statistical  analyses  and  data  interpretation,  only  data  collected 
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since  the  Second  Quarter  1985  were  used.  The  QA/QC  procedures  used  by  prev¬ 
ious  contractors  could  not  be  verified.  In  addition,  the  majority  of  moni¬ 
toring  wells  have  been  sampled  continuously  only  since  Radian  began  work  in 
mid- 1985 . 

1.1  Study,.  Area 

The  study  area  for  the  Groundwater  Sampling  and  Analysis  Program  has 
been  divided  into  10  geographic  areas  as  illustrated  in  Figure  1-1.  Five 
areas  are  located  on  base  and  five  are  located  off  base.  Designated  areas  are 
for  the  purpose  of  discussion  only  and  are  not  intended  to  represent  formal 
boundaries.  Work  is  currently  underway  to  identify  areas  that  may  require 
groundwater  operable  units.  In  future  reports,  discussions  will  be  based  on 
preliminary  groundwater  operable  units  instead  of  the  10  geographic  areas. 

Four  general  areas  of  historical  on-base  waste  disposal  and  storage 
sites  were  identified  and  designated  Areas  A,  B,  C,  and  D  during  the  Phase  I 
Installation  Restoration  Program  studies.  In  addition  to  the  sites  located 
within  these  areas,  there  are  potential  sources  of  hazardous  material  that  are 
adjacent  to  Areas  A,  B,  C,  and  D.  They  are  designated  as  being  within  an 
"Adjacent  On-Base  Area"  of  Area  A,  B,  C,  or  D.  Other  areas  that  are  not  close 
to  or  within  one  of  the  four  areas  are  designated  as  "Other  On-Base  Areas." 

The  five  geographic  on-base  areas  are  as  follows: 

•  Area  A  and  Adjacent  On-Base  Areas; 

•  Area  B  and  Adjacent  On-Base  Areas; 

•  Area  C  and  Adjacent  On-Base  Areas; 

e  Area  D  and  Adjacent  On-Base  Areas;  and 

•  Other  On-Base  Areas. 

The  five  geographic  off-base  designations  have  been  chosen  for  the 
purpose  of  discussion  only.  These  designations  are  not  meant  to  imply  that 
groundwater  contaminants  detected  within  these  areas  have  been  traced  to  any 
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Figure  1-1.  Ttn  Geographic  Designations  of  ths  Study  Area. 
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particular  on-base  area.  The  five  geographic  off-base  areas  are  as  follows: 


e  Northeast  Area; 

e  Northwest  Area; 

•  West  Area; 

•  Southwest  Area;  and 

•  Southeast  Area. 

1.2  Local  Geology 

McClellan  AFB  is  located  near  the  eastern  edge  of  the  Sacramento 
Valley  in  northern  California.  The  Sacramento  Valley  is  a  large  north- south 
trending  synclinal  trough  filled  with  approximately  60,000  feet  of  sediments. 
At  depth  the  sedimentary  deposits  are  wedge-shaped  thicken  from  east  to  west, 
and  dip  gently  toward  the  valley  axis.  At  the  surface  the  valley  floor  is 
characterized  by  low  topographic  relief.  The  present  land  surface  across  the 
base  slopes  less  than  1*  from  the  eastern  to  western  boundaries. 

The  base  is  located  seven  miles  northeast  of  the  intersection  of  two 
major  drainage  systems,  the  Sacramento  and  American  rivers.  The  Sacramento 
River  flows  from  north  to  south  and  is  located  six  miles  west  of  the  base. 
The  American  River  flows  from  northeast  to  southwest  and  is  located  seven 
miles  south  of  the  base.  Meandering  of  these  drainage  systems  over  the  past  5 
million  years  has  created  complex  stratigraphic  relationships  beneath  the 
base. 

1.2.1  Soils 

There  are  several  types  of  soil  in  the  vicinity  of  McClellan  AFB 
(USDA,  1986).  The  surface  soils  (less  than  5  feet  deep)  are  composed  of  mixed 
alluvium  derived  from  a  variety  of  sources,  mainly  granitic  rock.  Most  of  the 
soils  have  been  in  place  long  enough  to  have  developed  a  silica  cementation 
("hardpan")  at  a  depth  of  20  to  40  inches.  Surface  textures  are  dominantly 
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loan  and  sandy  loan,  underlain  by  finer- textured  loan  and  sandy  clay  loam 
horizons  over  the  hardpan.  Soil  permeabilities  range  from  0.6  to  2.0  inches 
per  year,  depending  on  local  conditions.  The  local  soils  are  generally 
classified  as  San  Joaquin  fine  sandy  loan,  Fiddyaent  fine  sandy  loan,  or  San 
Joaquin-Xeralfic  Arents  complex.  These  soils  have  a  low  shrink-swell  poten¬ 
tial,  a  slight  erosion  potential,  and  a  very  low  available  water  capacity  of 
approximately  0.10  to  0.14  inches  of  water  per  inch  of  soil.  However,  in  many 
on-base  areas  natural  soil  conditions  are  no  longer  represented  due  to  past 
excavation  and  construction  activities. 

1.2.2  Geologic  Units 

Figure  1-2  is  a  schematic  east-west  cross  section  of  the  Sacramento 
Valley  showing  the  approximate  location  of  the  base  with  respect  to  major 
geomorphic  features  in  the  Valley.  Of  primary  concern  to  this  report  are  the 
Victor,  Fair  Oaks,  Laguna,  and  Mehrten  formations.  They  contain  fresh  water 
aquifers  that  are  accessed  by  the  base  and  have  experienced  water  quality 
degradation,  probably  from  on-base  sources  of  contamination. 

Two  regional  geologic  sections  have  been  prepared  to  illustrate  the 
hydrogeology  beneath  the  base.  The  locations  of  these  sections  are  shown  on 
Figure  1-1.  Figure  1-3  is  a  southwest-northeast  trending  profile  which  runs 
from  base  water  supply  well  18  (BW-18)  in  Area  B  to  MW- 71  in  Area  A.  Figure 
1-4  is  a  south-north  trending  profile  which  runs  from  MW- 64  in  Area  B  to  MW- 58 
in  Area  D.  These  profiles  illustrate  approximately  300  feet  of  geologic 
section  consisting  of  a  heteogeneous  mixture  of  variably  sorted  sands,  silts, 
and  clayey  silts.  According  to  the  Department  of  Water  Resources  (Bulletin 
118-3,  1974),  deposits  dominated  by  clay  are  rare.  These  sediments  were 
deposited  by  intricately  braided  streams  on  flood  plains  and  low  relief 
alluvial  plains  (Department  of  Water  Resources,  Bulletin  118-3,  1974).  Sands 
grade  laterally  and  vertically  into  finer  grained  deposits  and  are  very 
difficult  to  correlate  stratigraphically .  In  this  kind  of  depositional 
environment  aquifers  are  typically  connected  in  highly  irregular  patterns 
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Figure  1-2.  Schematic  Geologic  Cross  Section  of  the  Sacramento  Valley. 
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Figure  1-4. 
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Clayey  silts,  because  of  their  flood  stage  mode  of  deposition,  form  more 
laterally  extensive  units. 

Figures  1-3  and  1-4  show  two  important  features  about  the  hydrogeo¬ 
logy  beneath  McClellan  AFB.  From  approximately  -180  to  -250  feet  mean  sea 
level  (msl)  there  is  a  fine-grained  deposit  designated  as  a  "250-foot"  aquit- 
ard.  It  is  present  in  Areas  A,  B,  C  and  the  Northeast,  but  no  wells  have  been 
drilled  deep  enough  in  Area  D  to  confirm  its  presence  in  the  northwest  part  of 
the  base.  From  approximately  -40  to  -100  feet  msl  there  is  another  fine 
grained  zone  that  can  be  correlated  in  Areas  A,  B,  and  C,  but  not  in  Area  D. 
Contaminants  have  not  been  contained  by  this  upper  fine  grain  sequence.  How¬ 
ever,  investigations  that  are  part  of  the  PGOURI  (Radian,  March  1989)  will 
help  identify  how  effective  the  250- foot  aquitard  has  been  in  preventing 
contaminant  migration  to  deeper  parts  of  the  section. 

1.3  Local  Groundwater  Hydrology 

Near  McClellan  AFB,  groundwater  is  extracted  primarily  from  the  Fair 
Oaks-Laguna  and  Mehrten  formations.  The  water  table  is  typically  80  to  110 
feet  below  the  ground  surface,  with  annual  fluctuations  as  large  as  2  feet. 
Groundwater  recharge  in  the  eastern  portion  of  the  vicinity  of  McClellan  AFB 
occurs  as  a  result  of  infiltration  from  streams,  rivers,  rainfall,  irrigation, 
runoff  from  the  foothills  of  the  Sierra  Nevada,  and  groundwater  flow.  Ground¬ 
water  discharge  in  the  Sacramento  Valley  occurs  predominantly  through  pumping. 

The  aquifer  system  beneath  the  base  is  comprised  of  a  succession  of 
relatively  permeable  sandy  deposits  interbedded  with  less  permeable  deposits 
of  silts  and  clayey  silts.  The  water-bearing  strata  above  120  feet  are  gener¬ 
ally  unconfined;  the  water-bearing  strata  below  120  feet  are  generally  semi- 
confined.  During  aquifer  tests,  hydraulic  responses  have  been  measured  in 
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observation  wells  screened  at  different  depths  than  the  depth  from  which  the 
groundwater  was  extracted.  Strata  within  the  unconfined  zone  and  semi-con¬ 
fined  zones  show  varying  degrees  of  interconnection  because  of  the  hetero¬ 
genous  nature  of  the  local  sedimentary  deposits  and  the  absence  of  a  laterally 
extensive,  low  permeability,  confining  layer.  The  lateral  discontinuity  and 
facies  changes  within  the  semi -confining  layers  allow  contaminants  to  move 
vertically  between  the  various  waterbearing  zones. 

1.3.1  Definition  of  Groundwater  System 

Four  groundwater  monitoring  zones  have  been  defined  based  on  the 
elevation  of  monitoring  well  screens  and  correlation  of  geologic  logs.  These 
zones  were  designated  to  provide  control  for  groundwater- level  measurements, 
to  determine  horizontal  and  vertical  groundwater  gradients ,  and  to  monitor  the 
extent  of  groundwater  contamination.  Within  each  of  these  zones  are 
coarser-grained,  high-permeability  layers  separated  by  low-permeability 
layers.  Textures  of  the  layers  range  from  well-sorted  sands  to  poorly  sorted 
sands,  silts,  and  clayey  silts. 

These  zones,  designated  by  elevation  and  not  by  separate  and  dis¬ 
tinct  hydrogeologic  units,  are: 


Shallow: 
Kiddle: 
Deep  "A" : 
Deep  "B" : 


above  -55  feet  msl; 
between  -55  and  -100  feet  msl; 
between  -100  and  -150  feet  msl;  and 
below  -150  feet  msl. 


Four  monitoring  wells  have  been  screened  at  depths  greater  than  -150 
feet  msl.  Three  of  the  monitoring  wells  are  located  in  Area  C  and  one  is 
located  in  Area  B.  The  designation  of  deep  "A"  and  deep  "B"  monitoring  zones 
is  based  on  limited  Interpretations  of  the  hydrogeology  and  differences  in 
hydraulic  heads. 
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In  the  Preliminary  Groundwater  Operable  Unit  Remedial  Investigation 
( PGOURI )  Work  Plan  (Radian,  October  1988),  Radian  has  proposed  a  redefinition 
and  expansion  of  the  four  monitoring  zones.  Until  work  is  completed  under  the 
PGOURI  and  the  new  definitions  can  be  evaluated  with  the  new  data,  the 
Sampling  and  Analysis  Program  will  continue  to  use  the  shallow,  middle,  deep 
"A",  and  deep  "B"  monitoring  zone  conventions. 

The  convention  of  the  Sampling  and  Analysis  Program  is  compared 
below  to  the  proposed  PGOURI  defined  zones: 

Comparison  of  Zones 


Sampling  and  Analysis 

Program  PGOURI 


Shallow  Zone: 

above  -55  feet  msl 

A  Zone 

-30  to  -80  feet  msl 

Middle  Zone: 

-55  to  -100  feet  msl 

B  Zone 

-81  to  -130  feet  msl 

Deep  "A*  Zone: 

-1 00  to  -150  feet  msl 

C  Zone 

-131  to  -210  feet  msl 

Deep  "B"  Zone: 

below  -150  feet  msl 

D  Zone 

-211  to  -280  feet  msl 

E  Zone 

-281  to  -310  feet  msl 

Monitoring  wells  that  are  sampled  in  the  Sampling  and  Analysis 
Program  are  part  of  a  groundwater  monitoring  network.  The  network  has  evolved 
since  1985  and  presently  includes  129  wells,  85  are  on  base  and  44  off  base. 
Monitoring  wells  are  added  or  removed  from  the  network  sampling  program  as 
warranted  by  data  collected  each  quarter.  Decisions  on  which  wells  are  in¬ 
cluded  in  the  network  are  made  jointly  by  Radian,  AFOEHL,  McClellan  AFB 
Environmental  Management  Office,  and  concerned  regulatory  agencies. 
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Appendix  A-l  lists  the  McClellan  AFB  Groundwater  Monitoring  Network 
wells  in  the  10  geographic  areas.  Appendix  A-2  and  A-3  list  well-specific 
data  for  network  monitoring  wells  and  extraction  wells,  respectively. 

All  on-base  monitoring  wells  have  been  assigned  numbers  less  than 
1000.  All  off-base  monitoring  wells,  with  four  exceptions,  have  been  assigned 
numbers  greater  than  or  equal  to  1000.  The  four  exceptions  are  MV-28D  and 
MW-28S,  located  in  the  Southeast  Area,  and  MW-74  and  MW-76  located  in  the 
Northwest  Area. 

In  the  future,  monitoring  and  extraction  wells  will  be  included  in 
"Groundwater  Operable  Unit  Areas"  instead  of  the  designated  and  adjacent  areas 
currently  in  use.  In  March  1989  preliminary  operable  units  were  selected 
based  on  the  geographic  grouping  of  sites,  the  impact  of  water  supply  wells  on 
groundwater  flow,  the  area  size  in  which  successful  remediation  can  be  expect¬ 
ed,  and  the  historical  geographic  designations.  When  the  PGOURI  (Radian, 
March  1989)  is  completed  and  all  available  data  is  examined,  the  operable  unit 
boundaries  will  be  formalized.  At  that  time,  monitoring  and  extraction  well 
numbers  will  not  change,  though  the  area  in  which  they  are  located  will  be 
called  an  operable  unit.  These  units  will  better  reflect  the  influences  on 
groundwater  flow  and  contaminant  migration. 


W  lWarrTV  U-n-i.t  W.T-W-T TM^rTMiTTT 


During  the  early  1900s,  groundwater  in  the  vicinity  of  McClellan  AFB 
flowed  from  areas  of  recharge  in  the  northeast  to  areas  of  discharge  in  the 
southwest  in  response  to  the  natural  hydraulic  gradient.  Since  the  turn  of 
the  century,  the  local  extraction  of  groundwater  for  irrigation,  industrial, 
municipal,  and  domestic  use  has  dramatically  altered  groundwater  levels  and 
gradients.  By  1960,  groundwater  pumping  had  increased  such  that  the  rate  of 
withdrawal  began  to  exceed  the  rate  of  recharge,  and  groundwater  levels  began 
to  decline.  Under  these  conditions,  local  horizontal  gradients  underwent 
marked  changes  in  direction  and  magnitude,  and  local  groundwater  depressions 
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began  to  develop  in  areas  of  maximum  withdrawal.  At  this  time,  a  major 
regional  pumping  depression  is  approximately  centered  just  south  of  the  base, 
as  shown  in  Figure  1-5.  This  depression  has  resulted  in  a  change  in  the 
regional  groundwater  flow  direction  for  this  area  such  that  flow  is  now 
generally  to  the  south. 

The  location  of  monitoring  wells  that  have  been  installed  on  and  in 
the  vicinity  of  the  base  are  shown  on  Plate  1.  Currently,  groundwater  levels 
in  134  monitoring  and  extraction  wells  are  measured  regularly  as  part  of  the 
Groundwater  Sampling  and  Analysis  Program.  Each  monitoring  well  has  been 
grouped  into  one  of  the  four  monitoring  zones  (shallow,  middle,  deep  "A",  and 
deep  "B")  described  previously.  Groundwater  level  measurements  from  the 
monitoring  wells  are  used  to  produce  potentiometric  surface  maps  for  three 
monitoring  zones.  A  potentiometric  map  is  not  generated  for  the  deep  "B"  zone 
because  there  are  only  four  data  points.  The  potentiometric  maps  are  used  to 
determine  groundwater  flow  directions,  including  local  deviations  from  the 
regional  flow  pattern. 

The  regional  groundwater  flow  direction  beneath  the  base  is  south- 
southwest.  Over  the  last  nine  quarters  (fourth  quarter  1986  to  fourth  quarter 
1988)  groundwater  flow  directions  appear  to  show  deviations  from  the  local 
flow  in  two  locations  in  and  around  the  base.  One  deviation  is  near  the  Area 
D  extraction  system  whose  Influence  is  evident  in  the  northwestern  portion  of 
the  base.  Potentiometric  surface  maps  indicate  that  the  extraction  system  is 
inducing  groundwater  to  flow  toward  the  extraction  wells.  The  other  deviation 
is  in  the  southern  portion  of  the  base  where  groundwater  is  converging  towards 
BW-18.  There  are  other  active  water  supply  wells  in  the  eastern  portion  of 
the  base  (BV-10,  BW-20,  and  Btf-29),  and  to  the  south  and  southwest  of  the  base 
whose  influence  cannot  currently  be  defined.  This  is  due  to  the  limited 
number  of  monitoring  wells  near  them.  New  wells  to  be  drilled  under  the 
PCOURI  (Radian,  March  1989)  will  help  to  better  evaluate  groundwater  flow 
directions  in  those  areas. 


1STEDFIATR/110689/JLH 


1-16 


Figure  1-5.  Groundwater  Depression  Beneath  North  Sacramento  County 
Created  by  Supply  Well  Pumping,  Spring  1988. 


In  order  to  show  these  changes  with  time,  a  suite  of  potentiometric 
maps  for  each  of  the  three  monitoring  zones  have  been  developed  using  water 
level  data  from  October  1986,  October  1987,  January  1988,  and  October  1988. 
These  are  shown  on  Plates  2,  3,  and  4.  The  shallow  monitoring  zone  suite 
(Plate  2)  shows  that  the  general  groundwater  flow  is  towards  the  south  and  has 
not  changed  significantly  since  October  1986.  The  effect  of  the  Area  D 
extraction  system  is  evident  on  the  October  1987,  January  1988,  and  October 
1988  maps.  Comparison  of  water  table  elevations  from  year  to  year  indicate 
that  the  groundwater  elevation  has  been  declining  about  two  feet  per  year. 
The  middle  monitoring  zone  suite  (Plate  3)  also  shows  a  general  groundwater 
flow  direction  from  north  to  south  across  the  base.  The  effects  of  the  Area  D 
extraction  system  and  pumping  of  on-base  and  off-base  wate1-  supply  wells  in 
the  south  are  shown  on  the  maps  beginning  in  October  1987.  Based  on  the 
potentiometric  maps  of  the  middle  monitoring  zone,  pressure  heads  in  the 
middle  zone  have  been  declining  between  2  and  5  feet  per  year.  Maps  for  the 
deep  monitoring  zone  suite  (Plate  4)  all  show  similar  flow  patterns  over  the 
past  two  years.  The  Area  D  extraction  system  appears  to  be  affecting  flow  in 
the  deep  monitoring  zone,  even  though  the  wells  are  screened  in  the  shallow 
and  middle  monitoring  zones.  Pressure  head  values  appear  to  be  declining 
between  three  and  five  feet  a  year. 
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2.0 


STATISTICAL  ASSESSMENT  OF  THE  ANALYTICAL  DATA 


Two  major  objectives  were  accomplished  through  the  statistical 
analysis  of  the  analytical  data  (the  concentrations  of  analytes  detected  in 
groundwater  samples)  from  McClellan  Air  Force  Base  (AFB) .  The  first  objective 
was  to  assess  the  quality  of  the  analytical  data  in  terms  of  the  uncertainty 
in  the  reported  concentrations  of  analytes.  The  quality  of  the  data  was 
determined  to  be  sufficient  for  use  in  determining  the  extent  of  contamir  tion 
in  Section  3.0,  Contaminant  Distribution  and  Migration.  The  second  objective 
was  to  characterize  the  analytical  data  to  determine  the  statistical  methods 
that  are  appropriate  for  trend  analysis  of  this  data.  This  study  focuses  on 
describing  the  distribution  of  the  data  and  determining  the  presence  or 
absence  of  seasonality.  Then,  an  overview  of  the  methods  chosen  to  identify 
the  presence  and  magnitude  of  trends  in  the  data  is  presented.  The  following 
paragraphs  provide  brief  summaries  of  the  major  results  and  references  to  more 
detailed  discussions  of  the  methods  and  results. 

UncsEtflinty  Estimate  Results 

In  Section  2.1,  Data  Quality  Assessment,  precision  estimates  are 
reported  for  8  of  the  10  key  analytes.  Because  any  measurement  has  some 
degree  of  error  in  the  reported  results,  the  processes  of  obtaining  and 
analyzing  groundwater  samples  produce  results  with  some  degree  of  deviation 
from  the  true  analyte  concentrations  of  the  groundwater  sample.  The 
uncertainty  Introduced  by  both  sampling  procedures  and  laboratory  procedures 
was  determined  from  field  duplicate  samples.  The  precision  was  examined  for 
the  concentrations  of  specific  analytes  Including  trichloroethene  (TCE) , 

1 . 1- dlchloroethene  (1,1, -DCE),  1,1-dichloroe thane  (1,1-DCA),  total 

1.1- dichloroethene  (total  1,2-DCE),  tetrachloroethene  (PCE),  chloroform, 

1 . 2 - dichloroethane  (1,2-DCA)  and  1,1,1-trichloroe thane  (1,1,1-TCA).  The 
uncertainty  estimates,  ranging  from  15  to  29  percent,  are  presented  in  Figure 
2-1.  Two  of  the  key  analytes,  vinyl  chloride  and  carbon  tetrachloride,  had 
too  few  quantitative  pairs  of  results  to  determine  the  uncertainty. 
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In  application,  these  uncertainty  estimates  help  distinguish  between 
real  changes  and  random  fluctuations  in  concentrations.  The  uncertainty 
estimate,  expressed  as  a  percent  of  the  reported  value,  can  be  used  to  compute 
95  percent  confidence  intervals  for  reported  results  for  any  of  these  anal¬ 
ytes.  For  example,  trichloroethene  (TCE)  has  an  uncertainty  estimate  of  +20 
percent;  therefore,  a  reported  concentration  of  15  ug/L  would  have  a  95 
percent  confidence  interval  for  the  actual  concentration  of  TCE  in  the  ground- 
water  sample  ranging  from  12  to  18  ug/L.  This  means  that  results  over  a 
period  of  time  for  TCE  in  a  particular  monitoring  well  would  have  to  differ  by 
more  than  +20  percent  to  establish  that  a  trend  is  present  or  that  a  change  in 
the  water  quality  has  occurred.  The  confidence  intervals  are  Included  In  the 
time  series  plots  in  Section  3.0,  Contaminant  Distribution  and  Migration. 

Other  statistical  analyses  were  performed  to  show  that  these  esti¬ 
mates  were  applicable  for  the  entire  range  of  concentrations,  as  well  as  for 
all  sampling  periods.  A  statistical  analysis  was  also  performed  to  separate 
the  portion  of  the  uncertainty  contributed  by  the  sampling  process  from  the 
portion  contributed  by  the  analytical  process.  In  addition  to  precision,  the 
accuracy  of  the  analytical  data  was  assessed  using  the  results  of  matrix  spike 
analyses . 


From  these  analyses,  Radian  concludes  that  the  sampling  and  analysis 
protocols  have  been  followed  consistently.  As  a  consequence,  the  analytical 
data  is  of  high  quality.  Furthermore,  the  amount  of  uncertainty  in  the 
results  has  been  controlled,  and  in  fact,  is  well  below  the  established 
criteria  of  50  percent  in  the  Quality  Assurance  Project  Plan  (QAPP)  (Radian 
Draft,  October  1988).  A  complete  description  of  the  methods  and  results  for 
these  statistical  analyses  is  contained  in  Section  2.1. 

Irgnfl  Analyalt  JBiacaialan 

One  of  the  primary  uses  of  the  analytical  data  for  this  report  was 
the  identification  of  either  Increasing  or  decreasing  trends  in  the  analyte 
concentrations  for  the  monitoring  wells.  The  presence  or  absence  of  trends  is 
information  that  can  be  used  to  interpret  the  migration  of  contaminants. 
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There  are  several  methods  that  can  be  used  for  trend  analysis  and  the  choice 
of  methods  depends  on  factors  such  as  the  distribution  of  the  data  and  the 
existence  of  seasonal  cycles  in  the  data. 

In  Section  2.2,  Description  of  Data  and  Statistical  Techniques,  the 
data  were  described  as  non-normal  (does  not  fit  a  bell-shaped  curve)  and  were 
characterized  by  missing  values  (sampling  events  when  the  well  was  not 
sampled)  and  censored  values  (values  less  than  the  detection  limit)  which  is 
common  for  groundwater  data.  In  addition,  it  was  shown  that  there  is 
insufficient  evidence  at  this  time  that  the  concentrations  change  seasonally. 

Based  on  these  findings,  the  Mann-Kendal  test  for  trend  was  chosen 
to  determine  which  monitoring  wells  show  trend  over  time.  The  Mann-Kendall 
test  is  distribution  free  and  allows  missing  and  censored  data  points.  Then, 
the  magnitude  of  the  trend  was  estimated  by  two  methods.  The  magnitude  is  the 
change  in  concentrations  per  sampling  period  and  indicates  whether  the  trend 
is  steep  or  only  slight.  The  first  method  was  Sen’s  nonparametrlc  estimator 
of  slope  which  produces  an  estimate  using  the  median  change  per  sampling 
period.  The  second  method,  developed  by  Gilbert,  provides  a  90  percent 
confidence  interval  for  the  change  per  sampling  period.  Gilbert's  method  was 
applicable  for  wells  with  10  or  more  data  points.  This  interval  provides  a 
range  of  values  for  the  actual  rate  of  change  which  is  preferable  to  Sen’s 
estimate  because  the  concentrations  do  not  change  at  a  constant  rate.  It 
should  be  noted  that  even  concentrations  of  the  wells  that  do  not  show  trends 
have  fluctuations  in  concentrations,  but  the  fluctuations  are  random.  The 
details  of  the  application  of  these  methods  can  be  found  in  Section  2.2 

As  a  result  of  the  trend  analysis,  43  analyte  concentration  trends 
were  identified  in  23  wells.  Fifteen  trends  were  increasing  while  28  were 
decreasing.  Seven  wells  in  Area  D  showed  decreasing  trends  for  several 
analytes.  In  general,  trends  detected  in  other  areas  of  the  base  appear  to  be 
isolated  occurrences.  The  results  and  Interpretations  are  included  in  the 
discussions  of  the  different  areas  in  Section  3.0,  Contaminant  Distribution 
and  Migration. 
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The  paragraphs  above  have  provided  an  overview  of  the  statistical 
approach  and  iiajor  results.  The  subsections  below  describe,  in  detail  for 
those  interested,  the  assumptions,  methods  and  results  of  the  statistical 
assessment  of  the  analytical  data.  The  results  of  the  assessment  are  in¬ 
corporated  into  the  discussions  of  Section  3.0,  Contaminant  Distribution  and 
Migration. 

2.1  Data  Quality  Assessment 

The  quality  of  data  used  as  a  basis  for  interpretations  must  be 
established  in  order  for  the  interpretations  to  be  valid.  In  order  to  obtain 
high  quality  data,  Radian  has  developed  well-defined  protocols  for  sampling 
and  validating  data.  All  analytical  data  cited  in  this  report  have  been 
evaluated  according  to  guidelines  established  by  either  the  QAPP  or  previously 
established  guidelines  for  the  sampling  period  in  which  they  were  collected. 
The  process  of  data  quality  assessment  consists  of  the  following  steps:  1)  The 
data  are  reviewed  for  accuracy  in  transcription  and  reporting;  2)  The  types 
and  numbers  of  duplicate  and  blank  QA/QC  samples  (l.e.  field  and  matrix  spike 
duplicates,  field  blanks,  trip  blanks,  ambient  blanks,  matrix  spikes,  and 
surrogate  spikes)  are  checked  against  the  required  frequency;  3)  Individual 
QA/QC  sample  results  are  compared  to  the  quality  assurance  objectives  set 
forth  in  the  QAPP;  A)  Any  data  not  meeting  the  required  objectives  are 
qualified  in  the  appropriate  manner. 

Even  though  the  procedures  outlined  above  are  strictly  followed, 
there  are  several  types  of  uncertainty  Inherent  in  the  sampling  and  analytical 
processes . 


Any  sampling  and  measurement  effort  will  have  an  unavoidable  com¬ 
ponent  of  error.  An  error  in  reported  values  can  occur  as  a  result  of  bias 
and  imprecision.  Furthermore,  for  each  of  these  types  of  error,  there  can  be 
both  random  and  systematic  components.  Random  error  is  defined  as  an 
unpredictable  error  in  sign  and  magnitude,  and  is  due  to  inherent  variability 
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in  Che  process .  Systematic  error  contributes  constant  error  or  bias  to 
results  that  may  agree  precisely  among  themselves.  Part  of  the  function  of 
QA/QC  is  to  reduce  the  impact  of  both  systematic  and  random  errors  to  the 
final  data.  While  random  error  cannot  be  totally  eliminated,  it  can  be 
minimized  by  adherence  to  standard  sampling  and  analysis  protocols.  System¬ 
atic  error  is  detected  from  the  QA/QC  data,  and  corrective  actions  can  be 
taken  to  remove  it  or  to  mitigate  its  effects. 

One  of  the  primary  objectives  of  data  quality  assessment  is  to 
determine  the  precision  of  the  data.  The  precision  is  measured  through  the 
use  of  duplicate  samples  for  assessment  of  total  variability  and  the  use  of 
duplicate  analyses  for  assessment  of  laboratory  variability.  The  tool  used  is 
the  relative  percent  difference  (RPD)  between  the  duplicate  pair.  The  RPD  is 
calculated  by  dividing  the  difference  between  the  two  results  by  their  aver¬ 
age. 


Several  factors  may  influence  the  precision  of  a  groundwater  sample. 
Following  are  several  possible  factors  for  influencing  the  precision  in  the 
sampling  portion  of  the  process: 

e  Improper  well  construction  or  maintenance; 
e  Failure  to  follow  correct  sampling  protocol; 

•  Field  equipment  contamination; 

e  Matrix  Interferences ; 

e  Sampling  mechanism  bias; 

e  Labeling  errors;  and 

e  Incorrect  storage. 

Every  step  in  the  sampling  process  may  contribute  some  uncertainty 
that  can  be  manifested  in  the  RPD.  In  addition,  laboratory  processes  may 
contribute  to  uncertainty  in  the  reported  results.  Some  possible  factors 
arising  from  the  sample  analysis  process  are: 

e  Loss  of  analytes  due  to  Improper  storage  and  aging; 
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•  Cross-examination; 

•  Matrix  interferences; 

e  Aged  standards;  and 

e  Reporting  errors --transcriptions,  calculating,  etc. 

It  is  often  very  difficult,  if  not  impossible,  to  track  down  a 
specific  assignable  cause  for  a  high  RPD.  Indeed,  isolated  high  RPDs  may 
indicate  random  error,  not  a  systematic  flaw.  When  they  appear  repeatedly, 
then  an  assignable,  systematic  cause  may  be  found.  Discussions  relating  to 
this  type  of  investigation  can  be  found  in  each  quarterly  Data  Summary. 

While  many  sampling  errors  can  cause  an  across  the  board  systematic 
effect  on  all  analytes,  some  errors  can  affect  some  analytes  more  than  others. 
For  example,  if  a  volatile  organic  aromatic  (VOA)  sample  were  incorrectly 
stored,  it  is  possible  that  the  more  volatile  constituents  could  be  lost  while 
the  less  volatile  ones  remain.  Some  compounds  are  more  photochemically  labile 
than  others  and  are  candidates  for  photodecomposition  should  the  sample  be 
exposed  to  sunlight.  The  sorption  properties  of  various  compounds  differ 
greatly,  as  do  the  diffusion  properties.  Therefore,  it  is  possible  that  some 
compounds  might  be  affected  by  sampling  uncertainty  more  than  others. 

Therefore ,  the  purpose  of  this  section  is  to  quantify  the  un¬ 
certainty  in  the  reported  concentrations  of  analytes  from  sampling  and 
analytical  causes.  In  addition,  the  uncertainty  is  to  be  expressed  as  a  95 
percent  confidence  interval  for  the  actual  concentration  of  the  analyte. 
These  uncertainty  estimates  provide  an  indication  r  the  overall  quality  of 
the  data.  The  samples  that  represent  both  types  of  uncertainty  are  field  dup¬ 
licate  samples  and  are  analyzed  under  the  same  conditions  using  the  same 
laboratory  techniques. 

All  field  duplicate  pair  results  from  the  11  sampling  periods  from 
1985  through  1988  were  considered  for  this  statistical  analysis.  Fairs  in 
which  one  or  both  results  were  reported  as  "not  detected”  were  deleted  from 
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Che  data  set  because  a  quantity  below  the  detection  limit  does  not  provide 
information  which  can  be  used  to  assess  precision.  This  is  consistent  with 
the  procedures  used  to  analyze  precision  for  the  data  summaries.  Eight  of  the 
10  key  analytes  were  included  in  this  study.  Vinyl  chloride  and  carbon 
tetrachloride  did  not  have  enough  duplicate  pairs  to  evaluate  analytical 
precision.  According  to  the  U.S.  Environmental  Protection  Agency  (U.S.  EPA) , 
1983,  20  pairs  are  recommended  for  the  analysis  of  precision.  Uncertainty  was 
calculated  for  each  analyte  in  accordance  with  the  guidelines  established  by 
the  U.S.  EPA  (U.S.  EPA,  1983).  The  uncertainty  estimates  and  the  number  of 
pairs  for  each  analyte  are  given  in  Table  2-1. 


These  uncertainty  estimates  provide  a  confidence  interval  that  can 
be  applied  to  any  reported  concentration  of  these  eight  analytes.  Thus,  95 
percent  of  measurements  for  TCE  whose  reported  concentration  is  15  ug/L  would 
have  an  actual  concentration  between  the  limits  of  12  and  18  ug/L  or  +20 
percent.  In  application,  this  means  that  in  comparing  measurements  from 
different  sampling  events,  the  difference  between  two  results  must  be  greater 
than  the  percent  uncertainty  for  that  analyte  in  order  to  establish  that  a 
change  in  the  water  quality  has  occurred.  Once  such  a  change  is  verified,  the 
cause  of  the  change  can  be  Investigated. 

Since  the  uncertainty  in  concentration  values  is  expressed  as  a 
percent,  as  the  measured  concentration  increases,  the  absolute  confidence 
interval  widens;  thus,  a  reported  concentration  of  125  ug/L  would  have  the 
confidence  limits  of  from  100  to  150  ug/L  for  TCE,  which  is  still  ±  20  percent 
of  the  reported  concentration.  The  lowest  uncertainty  estimate  was  for 
total-1, 2-DCE  (+15  percent)  and  the  greatest  was  for  1,1,1-TCA  (+29  percent). 
A  description  of  the  process  used  to  obtain  and  validate  these  estimates  is 
given  below. 

Description  of  Methodology 

Before  the  estimates  were  calculated,  the  sets  of  pairs  were  exam¬ 
ined  to  determine  the  overall  amount  of  agreement  between  the  elements  of  the 


1STEDFI/110689/JLH 


2-8 


I 


TABLE  2-1.  UNCERTAINTY  ESTIMATES  AND  CORRELATION  COEFFICIENTS 

FOR  SELECTED  ANALYTES  BASED  ON  FIELD  DUPLICATE  RESULTS 


Analyce 

Number  of 
Pairs 

Mean 

RPD 

Standard 

Deviation 

Uncertainty 

Estimate 

Trichloroethene 

82 

15.3 

— Units  are 
23.4 

Percent . 

20 

1 , 1-Dichloroethene 

38 

12.9 

17.5 

18 

1 , 1-Dichloroe thane 

38 

11.7 

14.3 

16 

Total  1 , 2 -Dichlor^ethene 
Tetrachloroethene 

58 

12.1 

12.6 

15 

16 

12.2 

10.5 

21 

Chloroform 

28 

17.9 

18.7 

25 

1 , 2 -Dichloroethane  . 

29 

12.2 

14.2 

18 

1,1, 1-Trichloroethane 

18 

22.0 

18.1 

29 

pairs  to  establish  the  nature  of  the  disagreements.  A  visual  presentation  of 
the  pairs  is  given  by  scatter  plots  as  suggested  by  Fritts  and  Hanson  (1985). 
For  each  analyte,  the  first  field  duplicate  result  was  plotted  against  the 
second  field  duplicate  result  in  each  pair.  These  plots  of  the  pairs  show  the 
amount  of  agreement  between  the  individual  results,  and  immediately  reveal 
which  pairs  are  outliers  (Figures  2-2  and  2-3).  Ideally,  the  pairs  should  be 
concentrated  along  the  X  -  Y.  There  should  be  no  systematic  pattern  to  the 
outliers.  Therefore,  these  plots  indicate  that  there  is  good  overall  agree¬ 
ment  between  the  pairs,  with  few  outliers,  and  that  the  occurrences  of  dis¬ 
agreements  are  random. 

The  overall  agreement  between  the  pairs  can  be  further  demonstrated 
by  computing  the  correlation  coefficients  between  the  two  sets  of  results, 
which  are  presented  in  Table  2-2.  Five  of  the  eight  analytes  had  greater  than 
98  percent  correlation  between  the  pairs  of  results;  the  lowest  correlation 
coefficient  (92.5  percent)  was  calculated  for  TCE. 

Once  the  data  sets  were  examined  for  overall  agreement,  the 
estimates  were  calculated.  The  method  used  to  obtain  the  estimates  is 
centered  around  the  relative  percent  difference  (RPD)  of  the  pair  of  results. 
For  paired  data,  the  RPD  is  the  appropriate  measure  of  precision  between  the 
two  measurements.  The  formula  for  calculating  the  RPD  for  an  individual  pair 
is : 


RPDt  -  (X£  +  Y^  /2  x  100 

X^  is  the  larger  of  the  two  results  in  the  ith  pair. 

Y^  ie  the  smaller  of  the  two  results  in  the  ith  pair. 

The  RPD  was  calculated  for  each  pair  in  each  data  set.  Then  the 
upper  probability  limit  for  a  95  percent  confidence  interval  for  the  mean  RPD 
was  found  for  each  analyte  using: 

Upper  Limit  -  MEAN  (RPD)  +  1.96  x  (S/SQRT(N)J 
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SECOND  FIELD  DUPLICATE  RESULT  (UiVL)  SECOND  FIELD  DUPLICATE  RESULT  (UC/L) 


TRICHLOROETHENE 


U-DICHLOROETHENE 


1,1-DICHLOROETHANE 


TOTAL  1,2- 
DICHLOROETHENE 


0  0  19  19  <»  <0  39 

FIRST  FIELD  DUPLICATE  RESULT  (UQ/U 


9  10  >0  39  <9 

FIRST  FIELD  DUPLICATE  RESULT  |U<VU 


Figure  2-2.  Plots  of  FMd  Duplicate  Rssults  (or  TCE,  1,1-DCE,  1,1  -DCA,  and  Total  1,2-DCE. 
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SECOND  FUAD  DUPLICATE  RESULT  (UiVU  SECOND  FIELD  DUPLICATE  RESULT  IUC/L) 


Figure  2-3.  Plots  of  Field  Duplicate  Results  for  PCE,  Chloroform,  1,2-OCA,  and  1,1,1 -TCA. 
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TABLE  2-2.  CORRELATION  COEFFICIENTS  FOR  SELECTED  ANALYTES 
DETERMINED  FROM  FIELD  DUPLICATE  RESULTS 


Analyte 

Number  of 

Pairs 

Correlation^" 

Coefficient 

Percent 

Trichloroethene 

82 

92.5 

1 , 1-Dichloroethene 

38 

94.4 

1 , 1-Dichloroethane 

38 

98.8 

Total  1 , 2-Dichloroethene 

58 

99.3 

Tetrachloroethene 

16 

95.0 

Chloroform 

28 

99.0 

1 , 2-Dichloroethane 

29 

99.6 

1,1, 1-Trichloroethane 

18 

98.6 

The  correlation  coefficient  indicates  the  amount  of  agreement  between  the 
results  for  the  pairs  of  field  duplicates. 
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where  S  is  the  standard  deviation  of  the  set  of  RFO's  and  SQRT(n)  is  the 
square  root  of  the  number  of  pairs  in  the  data  set  and  1.96  is  the  97.5 
percentile  of  the  Standard  Normal  Distribution.  This  upper  limit  is  the 
estimate  in  percent  of  the  uncertainty  associated  with  each  analyte. 

This  approach,  although  based  on  the  normal  distribution,  is  valid 
in  this  case  because  an  inference  is  being  made  about  the  mean  of  the  RPDs. 
When  the  number  of  duplicate  pairs  is  large,  the  mean  of  the  RPDs  will  ap¬ 
proach  a  normal  distribution  by  the  Central  Limit  Theorem,  regardless  of  the 
distribution  of  the  RPDs.  Michell,  et  al.  (1985),  suggests  that  a  data  set  of 
greater  than  20  is  adequate  to  determine  overall  precision.  All  analytes 
examined  had  greater  than  20  pairs  of  duplicate  results,  with  the  exception  of 
1,1,1-TCA,  which  had  18  pairs  and  PCE,  which  had  16  pairs.  Since  these  two 
analytes  are  commonly  detected  at  McClellan  AFB,  the  uncertainty  in  the  con¬ 
centrations  of  these  analytes  was  estimated  using  a  conservative  alternative 
approach  that  does  not  require  a  normal  distribution  for  the  mean  of  the  RPDs. 

A  nonparametric  approach  based  on  the  median  of  the  RPD's  was 
employed  to  obtain  these  two  uncertainty  estimates.  For  random  variables  with 
distributions  skewed  to  the  right,  as  is  the  RPD,  the  median  provides  a  better 
estimate  of  central  tendency  than  the  mean.  Figure  2-4  shows  a  frequency  plot 
for  the  RPDs  for  1,1.1-TCA  including  the  mean  and  median.  The  upper  limit  for 
a  95  percent  confidence  interval  for  the  50  percent  quantile  or  median  was 
estimated  using  the  order  statistics  calculated  by  the  following  formula: 

Upper  limit  -  (N  +  1)  +  1.96  x  SQRT(N) 

2  2 

where  N  is  the  sample  size  and  SQRT(N)  is  the  square  root  of  N  (Snedecor  and 
Cochran,  1980).  The  uncertainty  estimate  for  1,1,1-TCA  is  the  fourteenth 
order  statistic,  and  for  PCE  the  estimate  is  the  thirteenth  order  statistic. 
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These  estimates  result  in  percent  uncertainties  of  29  and  21  percent  for 
1,1,1-TCA  and  PCE,  respectively. 


Validation  of  Uncertainty  Estimates 

The  total  uncertainty  estimate  for  each  analyte  was  also  evaluated 
to  determine  if  the  average  RPD  remains  constant  over  the  entire  range  of 
concentrations  or  if  it  is  a  function  of  the  concentration.  Plots  of  the  RPD 
versus  concentration  were  produced  for  each  analyte  to  determine  if  there  was 
any  relationship  between  the  concentration  and  the  RPDs  (Figure  2-5,  2-6,  and 
2-7).  There  were  no  obvious  patterns  to  :he  plots;  the  RPDs  appear  to  be 
scattered  randomly  throughout  the  entire  concentration  range.  Therefore, 
there  appears  to  be  no  functional  relationship  between  the  concentration  and 
the  RPD.  However,  it  should  be  mentioned  that  the  concentrations  near  the 
detection  limit  would  be  expected  to  have  more  uncertainty.  This  increase  is 
not  evident  for  this  set  of  data  because,  as  mentioned  earlier,  pairs  with  one 
"ND"  were  excluded  from  the  data  sets.  Including  these  pairs  would  increase 
the  average  RPD  near  the  detection  limit. 

An  objective  statistical  test  was  constructed  to  test  the  hypothesis 
that  there  is  no  difference  in  the  distribution  of  the  RPDs  for  different 
levels  of  concentrations.  Four  concentrations  ranges  were  arbitrarily  chosen 
based  on  examination  of  the  plots  for  natural  groupings  and  were  determined  to 
be : 


Level  1  -  ND  TO  0.2  ug/L 
Level  2  -  greater  than  2.0  to  10.0  ug/L 
Level  3  -  greater  than  10.0  to  110  ug/L 
Level  U  -  greater  than  110  ug/L 

The  Kruskal-Vallis  method  (Gilbert,  1987)  was  selected  because  it  is  a  non- 
parametric  test  for  analysis  of  variance.  None  of  the  calculated  test  stat¬ 
istics  was  large  enough  to  indicate  that,  at  the  95  percent  confidence  level, 


1STEDFI/110689/JLH 


2-15 


1,1,1-TRICHLOROETHANE 
FREQUENCY  DISTRIBUTION  FOR 
RELATIVE  PERCENT  DIFFERENCE 
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Figure  2-4.  RPD  Frequency  Plot  for  1,1,1-TCA. 
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Figure  2-5.  RPD  v*.  Concentration  Plots  for  TCE,  1,1 -DCE,  and  1,1-DCA. 
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Figure  2-6.  RPD  vs.  Concentration  Plots  for  Total  1,2*DCE,  PCE,  and  Chloroform. 
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the  distributions  are  different  for  any  of  the  levels  for  any  analyte. 
Therefore,  the  conclusion  is  that  the  average  percent  uncertainty  remains 
constant  over  the  entire  range  of  concentrations  for  all  analytes. 

Besides  the  contribution  to  the  RPD  from  the  range  of  concentra¬ 
tions,  another  possible  source  of  variability  in  the  RPD  is  from  temporal 
factors  due  to  the  differences  in  time  over  which  the  11  sampling  events  took 
place.  The  overall  uncertainty  for  all  analytes  was  calculated  for  each  of  10 
sampling  periods  to  examine  possible  differences  between  sampling  periods. 
The  round  1  sampling  event  in  1985  was  not  included  in  this  analysis  because 
there  was  only  one  quantifiable  pair  from  that  period.  As  shown  in  Figure 
2-8,  the  amount  of  uncertainty  does  not  vary  greatly  between  sampling  periods, 
and  has  been  consistently  less  than  20  percent  since  the  last  sampling  period 
of  1987.  To  support  this  observation,  the  distribution  of  the  RPD's  by 
sampling  period  was  also  shown  to  be  identical  using  the  Kruskal-Wallis  test. 
This  indicates  consistent  sampling  and  analysis  procedures  over  time. 

In  conclusion,  the  total  uncertainty  from  random  causes  that  in¬ 
cludes  sampling  and  analytical  uncertainty,  has  been  quantified  based  on  field 
duplicate  results.  The  percent  uncertainty  estimates  for  selected  analytes 
range  from  15  percent  o  29  percent.  Based  on  these  estimates,  a  95  percent 
confidence  limit  for  at>  analytical  result  for  any  of  the  eight  analytes 
included  in  Table  2-1  can  be  calculated.  Two  possible  factors  affecting 
precision,  concentration  range  and  sampling  period,  were  investigated  also. 
The  estimated  uncertainty  was  not  significantly  affected  by  either  of  these 
factors . 


Da.  termination  of  the  Sources  of  Uncertainty 

This  subsection  addresses  the  relative  contribution  of  each  of  these 
processes  to  the  total  uncertainty.  The  percentage  of  the  total  uncertainty 
that  could  be  attributed  to  field  procedures  was  separated  from  the  percentage 
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that  could  be  attributed  to  laboratory  procedures.  This  evaluation  was 
important  because  it  could  identify  strengths  and  possible  areas  of  inconsis¬ 
tency  in  the  sampling  and  analysis  program. 

In  addition  to  the  field  duplicate  samples  discussed  above,  prior  to 
October  1988,  replicate  laboratory  measurements,  or  laboratory  duplicates, 
were  also  performed.  Laboratory  duplicates  are  obtained  by  splitting  a  normal 
field  sample  into  two  parts  and  analyzing  both  portions  as  separate  samples. 
During  the  fourth  sampling  period  of  1988,  instead  of  laboratory  duplicates, 
matrix  spike  duplicates  were  performed,  so  there  are  no  laboratory  duplicate 
pairs  included  for  that  sampling  period.  The  results  of  laboratory  duplicate 
samples  reflect  variability  due  only  to  the  analytical  process  and  not  from 
the  sampling  procedures.  When  one  of  the  field  duplicate  samples  is  repli¬ 
cated  in  the  laboratory,  the  results  of  the  duplicate  and  replicate  samples  or 
"nested  duplicates"  can  be  used  for  a  variance  component  analysis.  This 
hierarchical  sampling  approach  was  adopted  for  the  third  sampling  period  of 
1988  with  the  objective  of  obtaining  a  large  enough  data  set  to  perform  this 
type  of  analysis. 

The  data  sets  examined  contained  all  the  nested  duplicate  results 
from  the  third  sampling  period  of  1988  plus  any  nested  sets  that  occurred 
coincidentally  in  previous  samplings.  The  laboratory  duplicates  had  been 
selected  at  random  in  previous  samplings,  so  occasionally  a  field  duplicate 
sample  was  selected  as  a  laboratory  duplicate.  Orly  the  pairs  in  which  all 
three  results  were  above  the  detection  limit  could  be  used  for  the  analysis. 
This  collection  of  results  provided  from  5  to  20  sets  of  data  for  the  same 
analytes  chat  were  included  in  Table  2-1. 

The  nested  duplicate  data  were  analyzed  using  the  SAS  (Statistical 
Analysis  System)  routine  Nested,  which  is  designed  specifically  for  analysis 
of  variance  for  nested  data  (SAS,  1987).  This  procedure  computes  the  variance 
of  individual  analytes  and  combines  them  into  a  linear  model  of  variances. 
The  use  of  this  procedure  requires  data  that  have  as  little  variance  as 
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possible  from  other  sources  besides  the  sources  under  study.  Because  the  data 
sets  examined  in  this  study  contained  samples  from  various  locations,  as  well 
as  various  sampling  times,  the  results  were  standardized  by  location  and 
sample  date  to  a  common  mean  and  variance  before  the  analysis  of  variance  was 
performed.  The  design  of  the  experiment  was  unbalanced  because  only  one 
sample  of  the  field  duplicate  pair  was  split  in  the  lab  for  each  set. 

The  results  of  the  analysis  of  variance  are  presented  in  Table  2-3. 
For  the  analytes  included  in  the  study,  the  most  significant  contribution  to 
the  overall  variability  was  clearly  due  to  analytical  effects.  A  calculated 
sampling  component  of  zero  percent  of  the  total  variance  does  not  imply  a  lack 
of  variability  in  that  component  of  the  measurement  process.  Rather,  this 
means  that  sampling  variability  is  obscured  by  the  observed  analytical  varia¬ 
bility.  For  example,  based  on  this  set  of  20  nested  duplicate  results  for 
TCE,  the  field  duplicate  results  agree  as  closely  as  the  laboratory  duplicate 
results.  Any  additional  variability  contributed  by  the  sample  collection 
process  is  negligible  relative  to  the  analytical  variability. 

In  interpreting  these  results,  the  possible  causes  of  sampling 
variability  for  groundwater  sampling  were  considered.  First,  most  of  the 
monitoring  wells  at  McClellan  AFB  have  dedicated  sampling  systems .  That 
reduces  the  possibility  of  variability  between  two  samples  collected  from  the 
same  well  at  the  same  time.  Second,  the  sampling  teams  are  experienced  and 
each  member  has  been  trai  ed  to  follow  identical  protocols  for  sampling. 
Third,  the  field  duplicate  samples  have  identical  transport  and  storage 
conditions  and  holding  times.  The  only  remaining  cause  of  significant  samp¬ 
ling  variability  is  from  different  matrix  effects.  It  should  also  be  noted  in 
evaluating  these  results  that  the  numbers  of  sets  of  results  is  small  for  most 
of  the  analytes.  Nonetheless,  based  on  these  samples,  the  conclusion  is  that 
the  majority  of  the  uncertainty  in  the  reported  concentrations  for  the  key 
analytes  Included  in  this  study  is  attributable  to  the  analytical  process,  and 
a  relatively  insignificant  portion  can  be  attributed  to  sample  collection  and 
handling  procedures. 
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TABLE  2-3.  ANALYSIS  OF  VARIANCE  RESULTS  FOR 
NESTED  DUPLICATE  SAMPLES 


Analyte 

Number 

of 

Pairs 

Sampling  Variance 
Component 
Percent  of  Total 

Analytical  Variance 
Component 
Percent  of  Total 

Trichloroethene 

20 

. Units  are 

0 

Percent  . 

100 

1 , 1-Dichloroethene 

9 

0 

100 

1 , 1-Dichloroe thane 

11 

0 

100 

Total  1 , 2-Dichloroethene 

15 

12 

88 

Tetrachloroethene 

5 

0 

100 

Chloroform 

6 

10 

90 

1 ,  2-Dichloroethane 

9 

0 

100 

1,1, 1-Trichloroethane 

6 

50 

50 
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Accuracy 


In  addition  to  analyzing  precision,  the  accuracy  of  the  analytical 
data  was  assessed.  Accuracy  is  the  measure  of  closeness  of  an  individual 
measurement  to  the  true  value.  Accuracy  is  reported  as  a  percent  recovery. 
For  each  sample  spike  i,  the  percent  recovery,  is  calculated  by: 


the  analytical  results  from  the  spiked  sample, 
the  background  level  determined  by  a  separate  analysis  of  the 
unspiked  sample 

the  unknown  true  value  of  the  spike. 

The  results  of  matrix  spike  analyses  from  1986  to  December  1988  were 
included  in  the  study.  Three  analytes  for  Methods  8010  and  601  were  spiked, 
1 , 1-dichloroethene ,  trichloroethene  and  chlorobenzene.  The  average  percent 
recovery,  P,  and  standard  deviation,  S^,  were  calculated.  Then  the  upper  and 
lower  warning  limits,  UWL  and  LWL,  and  control  limits.  UCL  and  LCL,  were 
calculated.  The  warning  limits,  the  mean  recovery  plus  or  minus  2  standard 
deviations,  are  equivalent  to  a  95  percent  confidence  interval  for  the  mean 
recovery.  Points  outside  these  limits  indicate  that  a  process  should  be 
monitored  closely.  The  control  limits  are  the  mean  recovery  plus  or  minus  3 
standard  deviations.  Points  outside  the  control  limits  indicate  when  a 
process  is  out  of  control.  The  results  as  well  as  the  acceptance  criteria  for 
this  method  are  given  in  Table  2-4. 

Using  these  results,  graphs  were  constructed  in  the  format  of 
control  charts  (Figure  2-9).  Data  for  this  project  do  not  constitute  a  true 
control  chart  since  the  purpose  of  a  control  chart  is  to  continually  monitor 
the  accuracy  or  precision  of  the  measurement  process  so  that  corrective  actio'n 
can  be  taken  immediately  when  the  system  is  out  of  control.  Examination  of 
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TABLE  2-4.  MATRIX  SPIKE  RECOVERIES 


Analyte 

Number 

of 

Samples 

Mean 

Percent 

Recovery 

Standard 

Deviation 

Warning 

Limits 

Control  Acceptance 
Limits  Criteria 

1 , 1 - Dichloroethene 

122 

96 

18 

(60,132) 

(42 , 150) 

(28,167) 

Trichloroethene 

123 

95 

20 

(55,135) 

(35,155) 

(35,146) 

Chlorobenzene 

124 

93 

15 

(63,123) 

(48,138) 

(38,150) 
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175 


Figure  2-9.  Graphs  of  Matrix  Spike  Recoveries  with  Warning  and  Control  Limits. 


the  graphs  show  that  the  results  for  each  round  of  sampling  are  bounded  within 
the  control  limits  with  only  a  few  random  outliers.  The  95  percent  confidence 
limits  are  well  within  the  bounds  of  the  Data  Quality  Objectives  and  the 
acceptance  criteria  of  the  method.  There  are  no  systematic  patterns  to  the 
outliers,  although  some  quarters  seem  to  have  generally  higher  or  lower  than 
average  recoveries.  Therefore,  the  accuracy  for  these  analytes  is  in  control 
and  there  is  no  systematic  bias  in  the  data. 

2.2  Description  of  Data  and  Statistical  Techniques 

The  analytical  data  from  all  sampling  periods  from  1985  through  1988 
were  evaluated  to  determine  the  statistical  methods  that  were  appropriate  to 
use  with  this  data.  The  primary  use  of  the  analytical  data  in  this  report  was 
to  identify  temporal  trends  in  the  analyte  concentrations.  There  are  several 
methods  for  detecting  trends  and  the  choice  of  method  depends  on  certain 
characteristics  of  the  data  set.  Therefore,  in  this  section  we  present  a 
description  of  the  analytical  data  including  the  probability  distribution  and 
an  investigation  of  seasonality.  Then  the  methodology  of  the  techniques 
chosen  for  trend  analysis  are  presented.  The  results  of  the  trend  analysis 
for  the  monitoring  wells  are  presented  in  the  discussions  of  Section  3.0, 
Contaminant  Distribution  and  Migration. 

Probability  Piatributign 

An  analysis  of  the  probability  distribution  of  the  analytical  data 
was  previously  conducted  using  the  concentrations  of  contaminants  through 
March,  1988  (Radian,  1988).  The  analytical  data  sets  were  found  at  that  time 
to  be  non-normally  distributed.  Attempts  to  find  a  transformation  to  obtain  a 
normal  distribution  were  unsuccessful.  There  have  been  three  additional 
sampling  events  since  that  report,  so  there  are  now  approximately  8  to  11  data 
points  for  each  monitoring  well;  therefore,  a  re-examination  of  the  data  sets 
is  necessary. 
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The  analytical  data  sets  used  for  this  study  are  from  11  sampling 
events  and  included  both  regular  samples  and  QC  samples  such  as  field  and 
laboratory  duplicate  samples.  Many  of  the  data  sets  investigated  contained 
censored  values  reported  as  "not  detected"  (ND)  because  the  analytical  results 
was  less  than  the  reported  detection  limit.  The  distribution  of  these  cen¬ 
sored  values  is  unknown.  In  addition,  all  data  sets  contained  some  missing 
values  for  sampling  periods  during  which  the  well  was  not  sampled.  Exami¬ 
nation  of  the  concentrations  of  each  analyte  by  groundwater  zone  shows  the 
detectable  concentrations  to  be  skewed  to  the  right  or  positively  skewed  due 
to  the  large  number  of  low  concentrations  reported.  In  addition,  the  data 
sets  are  not  likely  to  have  similar  distributions  for  even  one  analyte  across 
zones  (Hirsh,  1988).  This  is  because  of  the  behavior  of  different  analytes  in 
groundwater  and  the  heterogeneous  nature  of  the  alluvial  material  beneath 
McClellan  AFB.  Many  factors  such  as  the  specific  analytes,  the  ranges  of 
concentration  and  the  sources  of  contamination  vary  between  groundwater  zones . 

Given  that  the  distributions  are  not  symmetrical,  the  normal  distri¬ 
bution  cannot  provide  a  good  fit  for  the  data.  One  possible  technique  to 
obtain  a  normal  distribution  is  to  apply  some  transformation  and  analyze  the 
transformed  data  set.  Transformations  using  the  natural  logarithm  and  the 
square  root  of  the  concentrations  were  performed.  Each  was  tested  for  good 
ness  of  fit  to  the  normal  distribution  using  the  Shapiro-Wilk  W  statistic 
(Gilbert,  1987).  Neither  of  the  transformation  yielded  a  normal  distribution. 

This  result  is  not  unusual  for  groundwater  data.  Hirsch  states  that 
many  hydrologic  variables  such  as  analyte  concentrations  are  distinctly 
non-normal  (1984).  Furthermore,  it  is  difficult  to  determine  the  distri¬ 
butions  of  groundwater  variables  with  the  amounts  of  data  which  monitoring 
projects  typically  have  available  (McNichols,  1988).  Therefore,  distribution 
free  non-parametrlc  procedures  have  been  chosen  to  use  with  the  analytical 
data  that  allow  missing  and  censored  data  values . 


1STEDFI/110689/JLH 


2-29 


Ssflaanallty 


The  data  sets  were  tested  for  seasonal  variation  because  the  exist¬ 
ence  of  seasonality  would  influence  the  choice  of  technique  for  trend  detec¬ 
tion.  That  is,  if  seasonality  is  determined  to  be  an  important  factor,  a 
method  that  is  not  affected  by  seasonal  cycles  should  be  used.  There  are 
currently  four  sampling  periods  per  year  that  roughly  correspond  to  the  four 
seasons  of  the  year.  However,  the  exceptions  to  this  are  the  two  sampling 
events  during  both  1985  and  1986  that  do  not  coincide  exactly  with  the  current 
schedule.  By  using  the  sampling  date,  the  data  values  were  divided  into  four 
three-month  seasons  per  year  starting  in  January.  The  Kruskal-Wallis  test  was 
used  to  determine  if  all  seasons  have  equal  mean  concentrations  (Hirsch  et 
al.,  1982).  The  Kruskal-Wallis  test,  which  is  a  non-parametric  test,  will 
determine  if  the  measurements  from  one  season  tend  to  be  consistently  larger 
or  smaller  than  those  from  at  least  one  other  season. 

The  Kruskal-Wallis  test  was  applied,  with  a  90  percent  confidence 
level,  to  data  for  each  monitoring  well  that  had  been  sampled  at  least  eight 
times  and  that  showed  detectable  concentrations  for  one  of  the  key  analytes. 
From  the  223  data  sets  tested,  only  3  wells  showed  evidence  of  a  difference  in 
the  mean  concentrations  of  TCE  for  two  or  more  seasons.  This  group  of  wells 
consisted  of  MW-129,  MW-36S  and  MW-57.  Since  the  data  sets  are  small  (in  most 
cases  there  are  only  two  data  points  for  each  quarter),  the  test  cannot 
distinguish  between  the  means  except  in  extreme  cases.  Therefore,  we  conclude 
that  there  is  not  enough  evidence  at  this  time  to  make  a  general  statement  as 
to  the  existence  of  seasonal  concentration  changes.  Future  sampling  periods 
may  provide  the  quantity  of  data  necessary  to  make  this  judgement. 

Trend  Analysis  Methodoloev 

Because  the  data  sets  are  not  normally  distributed  and  there  is  no 
evidence  of  seasonality,  the  test  chosen  to  detect  monotonic  temporal  trends 
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Is  the  Mann-Kendall  non-parametric  test  for  trend  (Gilbert,  1987).  The 
Mann-Kendall  test  is  appropriate  since  missing  quarters  of  data  as  well  as 
censored  data  values  such  as  "not  detected"  are  allowed.  In  addition,  the 
test  is  distribution  free.  Only  the  relative  ranks  of  the  concentration  data 
are  compared,  not  the  magnitude  of  difference  in  concentrations.  The  on- 
fidence  coefficient  chosen  for  this  test  is  90  percent.  The  analytes  included 
are  the  key  analytes,  and  in  some  cases,  other  purgeable  halocarbons  that  were 
present  in  a  monitoring  well  such  as  trichlorofluo methane  (TCFM)  were  also 
included. 


The  purpose  of  the  trend  analysis  was  to  determine  which  monitoring 
wells  show  a  long-term  increase  or  decrease  in  the  mean  concentration  of  an 
analyte  over  time.  A  test  of  hypothesis  was  used  as  a  basis  for  deciding  on 
the  presence  of  a  trend.  For  this  type  of  test,  a  null  hypothesis  is  defined 
as  the  hypothesis  being  tested.  The  null  hypothesis,  in  this  case,  is  that 
there  is  not  trend.  The  alternative  hypothesis  is  the  hypothesis  that  will  be 
accepted  if  there  is  sufficient  evidence  to  reject  the  null  hypothesis.  The 
decision  to  accept  or  reject  the  null  hypothesis  is  based  on  the  results  of  a 
statistical  test  and  the  confidence  level  that  was  chosen. 

Under  the  null  hypothesis  of  no  trend,  fluctuations  in  the  concen¬ 
trations  of  a  contaminant  over  time  do  not  Indicate  a  statistically  signifi¬ 
cant  increasing  or  decreasing  trend.  However,  although  a  trend  cannot  be 
detected,  this  does  not  imply  that  the  concentrations  are  stable  or  constant, 
only  that  the  fluctuations  have  a  random  pattern.  The  two-sided  alternative 
hypothesis  is  that  there  is  either  an  increasing  or  decreasing  monotonic  trend 
over  time.  Under  the  alternative  hypothesis,  the  analyte  concentrations  can 
vary  in  both  directions  and  still  have  a  long-term  trend.  Intermittent  or 
single  release  sources  will  not  necessarily  exhibit  steadily  increasing  or 
decreasing  trends  in  contaminant  concentrations. 

Once  the  presence  of  a  trend  has  been  established,  the  magnitude  of 
the  trend  should  be  estimated  to  determine  if  the  concentrations  are  changing 
rapidly  or  only  slightly.  The  magnitude  can  be  visually  evaluated  from  the 
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time  series  plots  of  concentration  versus  time  (included  in  Section  3.0, 
Contaminant  Distribution  and  Migration);  however,  it  is  often  useful  to 
quantify  the  magnitude.  Therefore,  if  a  trend  was  present,  an  estimate  of  the 
change  per  sampling  period  was  calculated  to  show  the  approximate  rate  of 
change  for  the  concentrations.  The  statistical  method  used  was  Sen's  non- 
parametric  estimator  of  slope  which  is  the  median  of  the  set  of  all  slopes 
that  can  be  calculated  between  any  two  data  points  (Gilbert,  1987).  Sen's 
estimator  can  be  used  when  data  are  missing.  This  estimate  of  the  rate  of 
change  should  be  interpreted  only  as  an  indication  of  the  steepness  of  the 
trend  and  not  as  a  predictor  of  the  expected  or  average  rate  of  change  per 
sampling  period  because  the  actual  rate  of  change  is  not  constant. 

Along  with  Sen's  point  estimate  of  slope,  a  90  percent  confidence 
interval  for  the  true  slope  was  found  for  some  wells  using  the  method  des¬ 
cribed  by  Gilbert  (Gilbert,  1987).  Gilbert's  method  for  generating  the 
confidence  interval  is  based  on  the  normal  distribution  and  is  valid  when 
there  are  at  least  ten  sampling  periods.  Therefore,  only  wells  that  have  been 
sampled  at  least  ten  times  have  this  estimator  of  slope.  Since  the  con¬ 
centrations  may  vary  greatly  in  both  directions  from  quarter  to  quarter  and 
still  show  an  overall  trend  in  one  direction,  Gilbert's  confidence  interval  is 
preferred  to  Sen's  point  estimate  when  applicable,  because  it  incorporates  the 
variability  into  the  estimate  and  gives  a  range  of  values  for  the  slope.  A 
large  confidence  interval  is  an  indication  that  the  concentrations  vary 
greatly  between  sampling  events  and  that  the  magnitude  of  the  trend  cannot  be 
estimated  accurately. 

2.3  Cgpcluaiona 

Several  important  objectives  concerning  the  analytical  results  for 
the  key  analytes  have  been  accomplished  through  the  use  of  carefully  chosen 
statistical  procedures.  First,  an  assessment  was  made  of  the  quality  of  the 
analytical  data  by  investigating  the  uncertainty  in  the  analyte  concen¬ 
trations.  Next,  the  appropriate  techniques  for  trend  analysis  were  chosen 
based  on  various  characteristics  of  the  analytical  data  sets. 
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First,  the  uncertainty  Inherent  In  the  analytical  results  due  to  the  * 
sampling  and  analytical  processes  was  quantified.  The  field  duplicate  results 
from  all  sampling  periods  were  used  to  calculate  precision  estimates  for  the 
eight  analytes  that  have  a  sufficient  number  of  quantitative  pairs.  These 
estimates  are  based  on  an  upper  95  percent  confidence  limit  for  the  mean  RPD 
for  the  analytical  results  with  at  least  20  pairs  of  duplicates.  The 
estimates  for  the  two  analytes  with  less  than  20  pairs  were  obtained  using  a 
nonparametric  technique  for  obtaining  a  confidence  interval  about  the  median. 
These  uncertainty  estimates  provide  a  means  of  calculating  a  95  percent 
confidence  interval  for  reported  values  of  any  of  these  analytes. 

Global  application  of  these  estimates  to  the  entire  set  of  results 
for  these  analytes  depends  on  the  representativeness  of  the  samples  upon  which 
the  estimates  are  based.  The  sets  of  field  duplicate  samples  were  plotted  and 
analyzed  to  ensure  that  the  pairs  are  highly  correlated,  have  few  outliers  and 
that  the  differences  are  random.  In  addition,  the  mean  RPD  was  determined  to 
be  constant  over  the  entire  range  of  concentrations  for  each  analyte .  The 
data  sets  were  also  grouped  by  sampling  period  and  the  uncertainty  was  shown 
to  be  consistent  between  sampling  periods. 

There  are  several  advantages  to  using  the  confidence  interval 
instead  of  the  reported  concentration  of  an  analyte.  The  confidence  interval 
accounts  for  the  mean  variability  in  the  concentrations  from  random  sources 
with  an  associated  level  of  confidence  <95  percent).  Having  quantified  these 
sources  of  variability,  fluctuations  beyond  this  interval  can  be  investigated 
for  systematic  sources  of  variability,  such  as  a  trend.  Graphical 
representation  of  this  uncertainty  interval  on  the  time  series  plots  makes  the 
distinction  between  random  and  other  fluctuations  in  the  concentrations 
immediately  evident.  This  interval  also  provides  documentation  of  the  quality 
of  the  data.  The  range  of  uncertainty  estimates  is  from  15  percent  to  29 
percent.  The  high-quality  data  in  terms  of  precision,  which  has  been 
collected  by  Radian,  indicates  a  consistent  and  controlled  sampling  and 
analysis  program. 
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The  final  analysis  of  the  quality  of  the  analytical  data  involved 
Che  division  of  the  uncertainty  into  two  components  corresponding  to  sampling 
effects  and  laboratory  effects.  In  order  to  accomplish  this,  nested  duplicate 
analyses  were  designed  in  which  field  duplicate  samples  were  chosen  as  labo¬ 
ratory  duplicate  samples.  An  analysis  of  variance  was  performed  on  the  sets 
of  the  results  of  the  nested  duplicate  samples.  Only  three  of  the  analytes 
showed  measurable  sampling  uncertainty,  suggesting  that  the  sampling  un¬ 
certainty  for  the  majority  of  analytes  is  obscured  by  the  analytical  un¬ 
certainty. 


Next,  the  selection  of  trend  analysis  techniques  was  based  on  the 
description  of  data.  The  probability  distributions  of  the  analyte  con¬ 
centrations  for  the  key  analytes  were  explored.  The  non-normal  distributions 
of  the  analyte  concentrations  suggest  that  nonparametric  techniques  should  be 
employed  for  use  with  this  data.  Furthermore,  using  a  nonparametric  tech¬ 
nique,  we  concluded  that  there  is  insufficient  evidence  of  seasonality  at  this 
time.  As  a  consequence,  the  technique  which  was  selected  for  detecting 
temporal  trends  was  the  Mann-Kendall  nonparametric  test  for  trend.  The 
methods  to  be  used  for  the  magnitude  of  the  trends  are  Sen's  nonparametric 
slope  estimator  and  Gilbert's  confidence  interval  for  the  true  slope.  The 
results  of  the  trend  analysis  are  discussed  in  Section  3.0,  Contaminant 
Distribution  and  Migration. 
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3.0  CONTAMINANT  DISTRIBUTION  AND  MIGRATION 

Evaluation  of  contaminant  distribution  and  apparent  contaminant 
migration  that  has  occurred  since  groundwater  monitoring  began  in  1981  is 
presented  in  this  section.  Hydrogeologic  and  analytical  data  are  discussed  on 
an  area  by  area  basis  even  though  the  areas  are  not  hydraulically  isolated 
from  each  other.  The  review  of  each  area  focuses  on  the  following: 

•  Potential  sources  of  groundwater  contaminants; 

e  Hydrogeologic  data; 

--  local  geology, 

--  groundwater  flow  directions, 

--  influences  on  groundwater  flow, 

-  -  gradients , 

•  Horizontal  and  vertical  distribution  of  contaminants; 

--  historical  versus  present  occurrence, 

•  Discussion; 

--  estimated  groundwater  flow  velocities, 

--  trend  analysis,  and 

--  apparent  migration  through  time. 

The  areas  to  be  discussed  below  were  designated  by  a  previous 
contractor  based  on  the  known  locations  of  hazardous  material  in  1981. 
Subsequent  investigations  have  identified  additional  potential  and  confirmed 
locations.  The  on-  and  off-base  area  designations  are  used  in  this  report  for 
the  purposes  of  discussing  the  hydrologic  and  analytical  data.  However, 
discussion  areas  are  still  linked  together  by  regional  groundwater  flow  and 
the  pumping  of  on-  and  off-base  water  supply  wells.  Figure  3-1  shows  the 
locations  of  the  discussion  areas. 
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Figure  3*1.  Locations  of  Discussion  Areas. 
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The  analytical  results  for  groundwater  samples  have  been  divided 

into  two  groups .  Analytical  data  have  been  documented  and  evaluated  by  Radian 

« 

since  1985.  The  analytical  data  and  supporting  Quality  Assurance/Quality 
Control  (QA/QC)  data  are  used  to  determine  variability  and  uncertainty,  and  to 
define  contaminant  concentration  trends  over  time.  There  are  also  analytical 
results  for  water  samples  collected  before  1985.  QA/QC  procedures  for  these 
data  could  not  be  evaluated,  therefore  these  data  have  been  used  qualitatively 
to  identify  the  historical  occurrence  of  contaminants  in  the  groundwater. 

The  analytical  data  presented  in  this  section  are  for  the  following 
compounds:  trichloroethene  (TCE) ,  tetrachloroethene  (PCE) ,  1 , 1-dichloroe thane 
(1,1-DCE),  total  1 , 2-dichloroethene  (total  1,2-DCE),  1 , 2-dichloroethane 
(1,2-DCA),  1, 1-dichloroe thane  (1,1-DCA),  1,1,1-trichloroethane  (1,1,1-TCA), 
vinyl  chloride,  chloroform,  and  carbon  tetrachloride.  These  analytes  have 
been  detected  in  monitoring  wells  across  the  base.  Of  these  key  analytes,  TCE 
is  the  most  commonly  detected,  and  much  of  the  area  discussions  focus  on  the 
distribution  and  migration  of  TCE.  A  complete  listing  of  all  analytical 
results  from  1985  through  December  1988  is  found  in  Appendix  B. 

Trend  analyses  were  conducted  to  determine  which  monitoring  wells 
showed  longterm  increases  or  decreases  in  concentrations  of  the  key  analytes 
identified  above.  A  total  of  43  statistically  verifiable  contaminant 
concentration  trends  were  found  in  23  monitoring  wells.  These  trends  are 
discussed  in  the  following  subsections.  The  assumptions  and  methods  used  in 
the  trend  analysis  are  described  in  Section  2.2. 

A  hydrogeologic  stick  diagram  that  shows  the  lithology  and  TCE 
concentrations  detected  in  selected  wells  is  shown  in  Figure  3-2.  These  wells 
run  alonj  a  south-north  line  from  Area  B  through  Area  C  to  Area  D.  The 
vertical  to  horizontal  exaggeration  is  approximately  5:1.  The  figure  shows 
that  along  this  north-south  trace  most  of  the  TCE  detected  in  Area  D  is  in  the 
shallow  and  middle  monitoring  zone.  In  Area  C  and  Area  B  there  is  significant 
TCE  contamination  in  the  shallow,  middle,  and  deep  "A"  monitoring  zones. 
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To  present  the  areal  distribution  of  TCE  contamination,  concentra¬ 
tions  of  TCE  detected  in  monitoring  wells  across  the  base  were  used  to  esti¬ 
mate  lines  of  equal  concentration  in  the  shallow,  middle  and  deep  "A"  monitor¬ 
ing  zones  (Plates  5,  6,  and  7).  The  TCE  contours  approximate  the  TCE  distri¬ 
bution  by  monitoring  zone  based  on  results  from  the  last  sampling  event  of 
1988.  Although  site  specific  information  about  sources  is  not  included  on  the 
plates,  the  contours  do  reflect  general  source  areas  and  groundwater  flow 
directions .  Comparison  of  the  three  plates  also  provides  a  picture  of  the 
distribution  differences  in  the  vertical  dimension. 

As  shown  on  the  maps  of  estimated  TCE  distribution  (Plates  5,  6,  and 
7) ,  there  are  few  monitoring  wells  from  which  to  collect  samples  in  Area  A. 
The  lack  of  contours  does  not  necessarily  indicate  there  is  little  contamina¬ 
tion  in  Area  A,  only  that  there  is  limited  data. 

In  Area  B,  there  are  a  few  wells  for  each  monitoring  zone.  There  is 
at  least  one  monitoring  well  in  each  monitoring  zone  with  TCE  concentrations 
above  drinking  water  standards.  The  contours  may  be  adjusted  after  more 
analytical  data  are  collected  when  the  Preliminary  Groundwater  Operable  Unit 
Remedial  Investigation  (PGOURI)  (Radian,  March  1989)  and  Area  B  Operable  Unit 
Remedial  Investigation  (Radian,  February  1989)  are  Implemented. 

In  Area  C,  there  are  more  wells  from  which  to  collect  analytical 
data.  Trichloroethene  concentrations  indicate  levels  that  are  above  state  and 
federal  drinking  water  standards  in  all  three  monitoring  zones.  The  highest 
levels  of  TCE  in  Area  C  have  been  detected  in  the  shallow  monitoring  zone 
(Plate  5).  There  also  appears  to  be  a  larger  areal  extent  of  contamination  in 
the  shallow  zone  than  in  the  middle  and  deep  "A"  monitoring  zones  (Plates  5, 
6,  and  7).  The  TCE  concentrations  and  contours  for  all  three  monitoring  zones 
indicate  that  there  has  been  both  vertical  and  horizontal  migration  of  the 
contaminants . 

Within  Area  D  the  shallow  monitoring  zone  shows  the  most  widespread 
and  highest  levels  of  TCE  contamination  (Plate  5) .  In  the  middle  monitoring 
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zone,  TCE  contamination  appears  to  be  confined  to  a  small  area  within  Area  D 
(Plate  6).  Based  on  limited  results  from  the  three  deep  zone  monitoring 
wells,  there  are  low  levels  of  contaminants  in  this  zone  within  Area  D  (Plate 
7). 


The  three  plates  of  estimated  TCE  concentration  contours  show  that 
the  highest  detected  levels  of  TCE  are  in  the  shallow  monitoring  zones  beneath 
Areas  C  and  D.  The  plates  also  show  that  most  of  the  detected  TCE 

contamination  is  found  on  the  western  side  of  the  base.  The  distribution  and 
apparent  migration  of  TCE  and  other  contaminants  are  discussed  in  more  detail 
by  area  in  the  subsections  that  follow. 

*  The  individual  areas  are  discussed  as  follows: 

•  Area  A.  Adjacent  On-Base  Areas,  and  the  Southeast  Area:  These 

are  discussed  together  because  of  the  proximity  of  the  two 

areas.  However,  the  Southeast  Area  may  be  located  downgradient 
of  Area  A; 

•  Area  B.  Adjacent  On-Base  Areas,  and  the  Southwest  Area:  These 

are  presented  together  because  of  the  proximity  of  the  two 

areas  and  the  effect  of  on-  and  off-base  pumping  on  both  areas; 

•  Area  C  and  Adjacent  On-Base  Areas:  This  discussion  encompasses 
Area  C  proper  and  a  large  portion  of  the  western  side  of  the 
Base ; 

•  West  Area:  This  discussion  includes  monitoring  wells  located 
off-base  west  of  Area  C.  This  discussion  is  not  included  with 
Area  C  because  only  low  levels  of  contamination  have  been 
detected  in  some  of  the  the  monitoring  wells  and  groundwater 
flow  is  presently  towards  the  base.  Thus,  there  is  limited 
potential  for  off-base  migration  of  contaminants; 
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•  Area  D.  Adjacent  On-Base  Areas .  and  the  Northwest  Area:  These 
are  presented  together  because  of  the  effect  of  the  Area  D 
extraction  system  on  the  Northwest  Area  and  because  of  the  high 
levels  of  contamination  detected  in  offbase  monitoring  wells 
located  close  to  Area  D; 

e  Other  On-Base  Areas;  and 

e  Northeast  Area. 

3.1  Area  A  and  Adjacent  On-Base  Areas  and  the  Southeast  Area 

Area  A  is  located  in  the  southeast  portion  of  McClellan  AFB  (Figure 
3-1).  The  outer  boundary  of  Area  A  was  determined  by  CH2M  Hill  based  on 
historic  waste  use  and  disposal  activities  identified  during  record  searches 
conducted  during  1981.  Since  1981,  other  potential  release  locations  (PPLs) 
have  been  identified  outside  of  the  boundaries  established  by  CH2M  Hill. 
Potential  release  locations  located  outside  of  the  Area  A  boundary  are  re¬ 
ferred  to  as  located  in  "Adjacent  On-Base  Areas." 

The  Southeast  Area  is  described  as  the  area  immediately  off  base, 
southeast  of  Area  A.  It  is  discussed  in  this  section  with  Area  A  because  of 
its  proximity  to  Area  A  and  its  potential  for  being  downgradient  from  Area  A. 

Industrial  activities  have  occurred  in  Area  A  since  the  opening  of 
the  base  in  1936.  Past  operations  in  this  area  of  the  base  have  included  the 
storage,  use,  and/or  disposal  of  solvents,  fuels,  refuse,  scrap  metals,  and 
Industrial  sludges.  Discharge  of  these  chemicals  and  waste  to  the  soil  from 
these  operations  is  the  probable  cause  of  water  quality  degradation  in  this 
part  of  the  base. 

Area  A  was  the  first  area  where  groundwater  contamination  was 
detected  at  the  base.  Base  water  supply  well  BW-7  (constructed  in  1942)  was 
taken  out  of  service  in  1956  and  abandoned  (destroyed)  in  the  1970s  due  to  the 
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presence  of  an  "oily  substance"  in  the  well.  The  substance  was  described  as 
either  an  oil,  solvent,  or  jet  fuel  (McLaren,  1986).  Trichloroethene  was 
detected  in  samples  from  BW-1  and  BW-2,  and  from  BW-12  at  concentrations 
exceeding  drinking  water  standards  in  1979  and  1980,  respectively.  These 
water  supply  wells  were  subsequently  removed  from  service.  These  three  wells 
are  located  northeast  of  Area  A  (Figure  3-3). 

There  are  currently  15  monitoring  wells  located  in  Area  A  and 
Adjacent  On-Base  Areas  and,  7  in  the  Southeast  Area  (Figure  3-3).  Tables  3-1 
and  3-2  lists  monitoring  wells  which  are  currently  Included  in  the  groundwater 
monitoring  network,  wells  which  are  not  included,  and  those  which  are  dry. 

3.1.1  Potential  Sources  of  Groundwater  Contamination 


There  are  47  Unstudied  Potential  Release  Locations  (UPRLs) ,  4 
Partially  Studied  Potential  Release  Locations  (PSPRLs),  and  1  confirmed  site 
(CS)  located  in  Area  A  and  Adjacent  On-Base  Areas  (Figure  3-4).  With  the 
exception  of  CS  38,  the  partially  studied  sites  (25,  37,  39  and  40)  in  Area  A 
do  not  appear  to  be  significantly  contributing  to  groundwater  contamination. 
However,  additional  sources  may  be  responsible  for  the  present  distribution  of 
contaminants.  Possible  additional  sources  include  the  47  UPRLs  in  this  areas 
as  well  as  UPRLs  located  on-base  just  north  of  Area  A  (McLaren,  1986). 

3-1-2  Hvdrogeoloflc  Data 

Although  soils  in  the  vicinity  of  Area  A  have  been  classified  as 
Urban  Land  (covered  by  pavement  and  buildings)  by  the  United  States  Department 
of  Agriculture  (USDA) ,  the  soils  within  Area  A  are  probably  similar  to  those 
identified  surrounding  Area  A.  Soils  immediately  adjacent  to  Area  A  have  been 
designated  as  the  Xeralflc  Arents -Urban  Land  Complex. 
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TABLE  3-1.  MONITORING  WELLS  LOCATED  IN  AREA  A  AND  ADJACENT  ON-BASE  AREAS 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non-Network 

Wells 

Dry  Wellsa 

Abandoned 

(Grouted) 

Total  Number 
of  Wells 

Shallow 

MW-67C 

MW-68C 

None 

MW-25b 

MW-39S 

MW-40S 

MW-8b 

MW-9b 

MW-26S? 

MW-27S7 

MW-46Sb 

10 

Middle 

MW-27Db 

MW-69b 

MW- 71° 

MW-25Db 

MW-26D° 

None 

5 

Deep 

None 

None 

None 

0 

Total  Number 
of  Wells 

5 

2 

3 

5 

15 

Under  consideration  for  abandonment. 
b  Samples  collected  from  these  wells  have  contained  TCE. 

Q 

Well  contained  one  of  the  10  key  analytes  other  than  TCE. 

^  Well  contained  a  compound  other  than  one  of  the  10  key  analytes. 
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TABLE  3-2.  MONITORING  WELLS  LOCATED  IN  THE  SOUTHEAST  AREA 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non-Ne twork 
Wells 

Dry  Wells3 

Abandoned 

(Grouted) 

Total  Number 
of  Wells 

Shallow 

MW- 1013 

MW- 1014 

MW- 1037 

None 

None 

MW-28S 

4 

Middle 

MW-28Db, 

MW- 1038° 

None 

None 

2 

Deep 

MW- 1039 

None 

None 

1 

Total  Number 
of  Wells 

6 

0 

0 

1 

7 

*  Under  consideration  for 
Samples  collected  from 

abandonment . 
these  wells  have 

contained 

TCE . 
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A  southwest  to  northeast  cross  section  A-A'  depicting  subsurface 
deposits  beneath  a  portion  of  Area  A  and  Adjacent  On-Base  Areas  is  shown  in 
Figure  3-5.  The  surface  trace  of  the  cross  section  is  shown  in  Figure  3-3. 
The  geologic  setting  beneath  Area  A  is  characterized  by  interbedded  fluvial 
deposits  of  sands,  silts,  and  clayey  silts.  A  laterally  extensive  zone 
dominated  by  clayey  silts  occurs  at  a  depth  of  approximately  -25  to  -75  feet 
below  mean  sea  level  (msl) .  This  fine-grained  zone  correlates  well  with  a 
similar  zone  found  in  Areas  B  and  C  bu':  not  in  Area  D. 

Four  shallow-zone  monitoring  wells  and  six  middle-zone  monitoring 
wells  are  used  to  produce  potentiometric  surface  maps  in  Area  A,  Adjacent 
On-Base  Areas,  and  the  Southeast  Area.  There  is  currently  only  one  deep-zone 
monitoring  well  within  these  areas,  MW- 1039,  and  it  is  located  in  the 
Southeast  Area.  Therefore,  not  enough  data  exists  for  these  areas  to 
construct  a  deep  zone  potentiometric  surface  map.  Potentiometric  surface  maps 
produced  during  late  September  1988  for  the  shallow  and  middle  monitoring 
zones  indicate  that  the  direction  of  groundwater  flow  within  Area  A,  Adjacent 
On-Base  Areas,  and  in  the  Southeast  Area  is  to  the  west-southwest. 

There  are  two  active  water  supply  wells  located  in  the  vicinity  of 
Area  A.  BW-10  is  located  approximately  4000  feet  northeast  of  Area  A,  and 
Northridge  Water  (NW)  District  water  supply  well  NW-14  is  located  approxi¬ 
mately  1200  feet  southeast  of  Area  A.  Base  water  supply  well  BW-10  is  pumping 
at  an  average  rate  of  900  gallons  per  minute  (gpm)  and  NW-14  is  currently 
pumping  at  an  average  rate  of  1200  gpm.  The  extent  of  BW-10's  influence  on 
groundwater  flow  cannot  be  determined  because  there  are  no  monitoring  wells 
nearby.  In  addition,  the  effects  of  pumping  by  NW-14  on  the  groundwater  flow 
regime  cannot  be  determined  at  this  time  because  increased  pumping  of  this 
well  began  in  October  1988  after  water  levels  were  measured.  Therefore, 
potentiometric  maps  produced  for  September  1988  do  not  reflect  influences  of 
pumping  by  NW-14.  Prior  to  October  1988,  NW-14  operated  at  approximately  400 
gpm  only  during  the  summer  months  of  peak  demand. 
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Figure  3-5. 

Subsurface  Profile,  Area  A 
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To  aid  In  further  evaluations  of  the  groundwater  flow  regime  in  this 
area,  Radian  has  proposed  the  installation  of  several  monitoring  well 
clusters  consisting  of  shallow,  middle,  and  deep  zone  monitoring  wells.  The 
cluster  will  be  located  within,  northeast,  and  southeast  of  Area  A.  Water 
level  measurements  from  these  wells  will  help  to  better  define  the  direction 
of  groundwater  flow  in  Area  A,  the  Southeast  Area,  and  the  area  northeast  of 
Area  A.  Construction  of  the  monitoring  well  clusters  is  planned  for  the 
summer  of  1989  and  will  be  done  as  part  of  the  PGOURI  (Radian,  March  1989). 

The  potentiometric  surface  maps  indicate  that  there  have  not  been 
significant  changes  in  groundwater  flow  directions  in  Area  A,  Adjacent  On-Base 
Areas ,  and  the  Southeast  Area  since  October  1986  based  on  the  limited  number 
of  monitoring  wells.  Hydraulic  gradients  have  not  changed  significantly 
either  (Table  3-3)  over  the  last  year.  Calculated  horizontal  hydraulic 
gradients  range  from  17.8  to  24.3  ft/mile. 

3.1.3  H<?rls<?nul  and,  vertical  Distribution  gf  fiantaainanta 

A  total  of  twenty-two  monitoring  wells  are  located  in  Area  A, 
Adjacent  On-Base  Areas,  and  in  the  Southeast  Area.  Since  June  1985  samples 
have  been  collected  from  thirteen  of  the  wells.  Samples  collected  from  seven 
of  those  wells  have  contained  detectable  concentrations  of  some  of  the  key 
analytes  on  which  this  report  focuses .  Ranges  in  concentrations  of  the  key 
analytes  found  for  the  period  of  1985  through  1988  are  shown  in  Tables  3-4  and 
3-5. 


Of  the  10  key  analytes,  TCE  is  the  most  frequently  detected.  A 
comparison  of  wells  that  have  historically  contained  TCE  versus  wells  contain¬ 
ing  TCE  during  the  October  1988  sampling  event  is  shown  by  monitoring  zone  in 
Figures  3-6,  3-7  and  3-8.  Trichloroethene  has  been  historically  detected  in  7 
shallow  zone  monitoring  wells,  all  of  which  are  now  dry.  Middle  zone  monitor¬ 
ing  wells  that  have  historically  contained  TCE  continue  to  show  detectable 
levels  of  TCE.  Samples  from  the  only  deep  well  (MW- 1039)  in  the  Southeast 
Area  have  never  contained  TCE. 
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Table  3-3.  Horizontal  Gradients  of  Selected  Well  Pairs  in 
Area  A  and  the  Southeast  Area 


Well 

Pair 

Monitoring 

Zone 

Distance 

(feet) 

Head 

Difference 

(feet) 

Gradient 

(feet/mile) 

-Q87 

MW- 1014/MW- 1037 

Shallow 

2173 

8.30 

20.2 

MW-28D/MW-69 

Middle 

1470 

6.64 

23.8 

4Q88 

MW- 1014/MW- 1037 

Shallow 

2173 

7.33 

17.8 

MW- 28D/MW- 69 

Middle 

1470 

6.77 

24.3 
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TABLE  3-4.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES  a 

IN  MONITORING  WELLS  LOCATED  IN  AREA  A  AND  ADJACENT  ON-BASE  AREAS 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Monitoring 

Zone 

Analyte 

Minimum 

Concentration 

Detected 

Maximum  ■ 
Concentration 
Detected 

All  units 

are  ug/1 . 

Shallow 

1 , 1 - Dichloroethene 

0.4 

0.4 

Total  1 , 2 -Dichloroethene 

0.9 

0.9 

Chloroform 

3.7 

40.0 

1,2-Dichloroethane 

0.2 

0.2 

1,1, 1-Trichloroethane 

0.30 

6.5 

Trichloroethene 

2.4 

190 

Middle 

1, 1-Dichloroethene 

0.10 

3.8 

1 , 1-Dichloroethane 

0.38 

2.6 

Total  1 , 2 -Dichloroethene 

0.89 

34 

Chloroform 

0.10 

22 

1 , 2-Dichloroethane 

0.15 

2.7 

1,1, 1-Trichloroethane 

2.6 

2.6 

Carbon  tetrachloride 

5.1 

27 

Trichloroethene 

0.50 

195 

Deep 

There  are  no  wells  located 

in  this  zone 

a  The  10  key  analytes  and  associated  action  levels  are  given  in  the  table  below. 


Key  Analyte 

DHS  Action 
Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1-Dichloroethene 

6 

7 

1 , 1-Dichloroethane 

20 

NE 

Total  1,2 -Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2-Dichloroethane 

1 

5 

1,1, 1-Trichloroethane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 
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TABLE  3-5.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES  a 
IN  MONITORING  WELLS  LOCATED  IN  THE  SOUTHEAST  AREA 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Minimum 

Maximum 

Monitoring 

Concentration 

Concentration 

Zone 

Analyte 

Detected 

Detected 

All  units 

are  ug/1. 

Shallow 

No  Key  Analytes  were  detected 

in  this  zone 

Middle 

1 , 1-Dichloroethene 

6.5 

6.5 

1 , 1-Dichloroethane 

0.17 

0.19 

1 , 1 , 1-Trichloroethane. 

2.5 

2.5 

Trichloroethene 

1.4 

8.9 

Deep 

1 , 1-Dichloroethene 

0.75 

0.75 

The  10  key  analytes  and  associated 

action  levels 

are  given  in  the  table  below. 

DHS  Action 

EPA  Primary 

Key  Analyte 

Level 

MCL 

Vinyl  Chloride 

2 

1 

1 , 1-Dichloroethene 

6 

7 

1 , 1 -Dichloroethane 

20 

NE 

Total  1 , 2-Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2-Dichloroethane 

1 

5 

1,1, 1-Trichloroethane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 
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MOST  RECENT  OCCURRENCE  OF  TCE 
AREA  A  /  SE  SHALLOW  MONITORING  WELLS 
(OCTOBER  1988) 
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Figure  3-6. 

Historical  &  Present 
Occurrence  of  TCE  in 
Shallow  Zone  Monitoring  Wells, 
Area  A  &  the  Southeast  Area. 
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MOST  RECENT  OCCURRENCE  OF  TCE 
AREA  A  /  SE  MIDDLE  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-7. 

Historical  &  Present 
Occurrence  of  TCE  in 
Middle  Zone  Monitoring  Wells, 
Area  A  &  the  Southeast  Area. 
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IOST  RECENT  OCCURRENCE  OF  TCE 
EA  A  /  SE  DEEP  "A"  MONITORING  WELLS 
(OCTOBER  1988) 
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Figure  3-8. 

Historical  &  Present 
Occurrence  of  TCE  in 
Deep  "A"  Zone  Monitoring  Wells, 
Area  A  &  the  Southeast  Area. 
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3.1.4 


Trend  Analysis 


The  only  well  In  Area  A  which  has  been  sampled  enough  times  to  be 
analyzed  for  long  term  trends  is  MW-27D.  No  statistically  verifiable  trends 
have  been  found  in  this  well.  As  analytical  data  is  collected  from  other 
monitoring  wells  in  this  area,  they  will  be  evaluated  for  concentration 
trends . 

3.1.5  Discussion 

Based  on  the  available  analytical  and  hydrologic  data,  the  following 
observations  and  interpretations  can  be  presented: 

•  Contaminants  may  be  migrating  southwest  from  Area  A  towards 
Area  B  as  a  result  of  pumping  by  BW-13,  BW-18  and  off-base 
water  supply  wells  CW-131,  CW-138,  CW-150  and  CW-132; 

•  Groundwater  flow  patterns  appear  to  have  changed  as  a  result  of 
increased  pumping  by  NW-14  and  the  direction  of  groundwater 
flow  may  now  be  to  the  south  from  Area  A;  and 

e  Contaminants  have  been  detected  in  shallow  and  middle  zone 
monitoring  wells,  but  there  are  no  monitoring  wells  screened  in 
the  deep  zone  in  Area  A  to  determine  the  veritical  extent  of 
contamination . 

As  new  monitoring  wells  are  installed  and  additional  hydrologic  and 
analytical  data  are  collected,  these  Interpretations  will  be  reviewed  and 
updated  to  reflect  more  complete  information. 

Three  single -well  aquifer  tests  using  shallow  and  middle  zone  moni¬ 
toring  wells  have  been  conducted  in  Area  A  by  McLaren  Engineering  and  Radian 
Corporation  (McLaren,  April  1986;  Radian,  March  1987).  From  these  tests, 

values  of  hydraulic  conductivity  are  estimated  to  range  from  120  to  245 
2 

gallons/day/ft  . 
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Horizontal  hydraulic  gradients  measured  from  potentiometric  maps  for  the 
shallow  and  middle  zone  range  from  0.003  to  0.005  feet  per  foot.  Effective 
porosity  values  have  not  been  determined  from  field  samples  but  are  estimated 
to  be  approximately  20  percent  based  on  the  types  of  geologic  materials 
encountered  beneath  Area  A  (Fetter,  1980).  To  estimate  groundwater  flow 
rates,  these  values  were  used  in  Darcy's  equation  q  -  k  i/n  where: 

q  is  the  specific  discharge; 

K  is  hydraulic  conductivity; 
i  is  the  hydraulic  gradient;  and 
n  is  the  effective  porosity 

Groundwater  flow  beneath  Area  A,  Adjacent  On-Base  Areas,  and  the  Southeast 
Area  is  estimated  to  range  from  0.3  to  0.8  feet  per  day.  These  are 
preliminary  estimates  of  groundwater  flow  rates  based  on  the  results  of  three 
single-well  aquifer  tests  and  limited  water  level  information.  Because  the 
pumping  rates  for  BW-10,  BW-18,  and  other  off-base  water  supply  wells  may 
change,  hydraulic  gradients  and  groundwater  flow  directions  may  also  change. 
A  re-evaluation  of  the  data  will  be  conducted  in  the  future. 

The  results  of  analyses  for  wells  sampled  in  Area  A  and  Adjacent 
On-Base  Areas  since  1985  show  that  carbon  tetrachloride  is  fairly  unique  to 
Area  A.  Therefore,  it  is  a  good  indicator  of  contaminant  migration  within  and 
away  from  Area  A.  Carbon  tetrachloride  has  consistently  been  detected  in  a 
middle  zone  monitoring  well,  MW-27D,  located  in  the  northeast  portion  of  Area 
A.  Carbon  tetrachloride  also  has  been  consistently  detected  in  samples 
collected  from  BW-13  located  southwest  of  Area  A.  At  the  present  there  are  no 
known  potential  source  areas  in  the  vicinity  of  BW-13  from  which  carbon  tetra¬ 
chloride  may  have  been  discharged.  Because  there  are  no  known  sources  near 
BW-13,  but  carbon  tetrachloride  has  been  detected  in  samples  from  this  well, 
and  because  groundwater  appears  to  flow  to  the  southwest  from  Area  A,  contami¬ 
nated  groundwater  may  be  migrating  from  Area  A  southwest  toward  BW-13. 
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Due  to  the  apparent  southwesterly  groundwater  flow,  contaminants  may 
also  be  migrating  towards  BW-18  In  Area  B.  In  October  1987,  regular  pumping 
of  BW-13  was  discontinued  because  levels  of  carbon  tetrachloride  were  found  to 
exceed  drinking  water  standards.  As  a  result  of  the  pumping  of  BW-18  and 
other  off-base  water  supply  wells  (CW-132,  CW-150,  and  CW-155),  there  appears 
to  be  a  southwesterly  groundwater  flow  beneath  Area  A.  This  may  be  causing 
migration  of  contaminants  from  Area  A  toward  Area  B. 

In  October  1988,  NWD  increased  the  pumping  rate  of  NW-14  from  400  to 
1,200  gpm.  This  well  is  located  approximately  1200  feet  south  of  Area  A  and 
is  screened  from  200  to  623  feet  below  the  surface.  Prior  to  October  1988, 
NW-14  operated  only  during  peak  demand  summer  months  at  an  approximate  rate  of 
400  gpm.  As  a  result  of  the  increased  pumping  rate  and  deep  screen  interval, 
contaminants  from  Area  A  may  begin  to  migrate  in  groundwater  off  base  toward 
NW-14.  Contaminant  migration  may  also  occur  vertically  as  well  as 
horizontally. 

In  summary,  there  is  evidence  of  contamination  in  Area  A  based  on 
the  historical  occurrence  of  contaminants  in  monitoring  wells  that  are  now 
dry,  and  based  on  existing  contamination  detected  over  the  past  year.  The 
effect  of  bot  on-  and  off-base  pumping  on  local  groundwater  flow  directions 
cannot  be  determined  from  the  potentiometric  maps  generated  for  data  collected 
from  the  existing  monitoring  wells.  Additional  hydrologic  and  analytical  data 
will  be  obtained  when  additional  monitoring  wells  are  installed  under  the  HGA 
Work  Plan  (Radian,  October  1988).  This  will  help  to  better  define  groundwater 
flow  directions  and  the  extent  of  groundwater  contamination. 

3-2  Area  B  and  Adlacent  On-Base  Areas  and  the  Southwest  Area 

Area  B  is  located  in  the  southwest  portion  of  the  base  (Figure  3-1). 
The  boundary  of  Area  B  was  determined  by  CH2M  Hill  based  on  historic  waste  use 
and  disposal  activities  identified  during  record  searches  conducted  in  1981. 
Since  1981,  other  potential  release  locations  have  been  identified  beyond  the 
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boundaries  established  by  CH2M  Hill.  Potential  release  locations  located 
outside  of  the  Area  B  boundary  are  referred  to  as  "Adjacent  On-Base  Areas." 
The  Southwest  Area  is  the  area  iomediately  off  base,  southwest  of  Area  B. 
This  Area  is  discussed  together  with  Area  B  because  of  the  potential  influence 
of  the  base  water  supply  well  BW-18  on  groundwater  flow  directions  in  the 
Southwest  Area. 

Past  industrial  operations  in  Area  B  include  the  storage,  use, 
and/or  disposal  of  solvents,  polychlorinated  biphenols,  heavy  metals  and 
plating  chemicals,  oil  and  grease,  refuse,  scrap  metals,  and  low-level  radio¬ 
active  wastes  (McLaren,  1985). 

Groundwater  contamination  was  detected  in  Area  B  in  1979  following 
analysis  of  groundwater  samples  collected  from  base  water  supply  well  BU-18. 
Subsequent  sampling  of  off-base  residential  wells  and  municipal  water  supply 
wells  located  in  the  Southwest  Area  Identified  the  presence  of  TCE  in  City  of 
Sacramento  water  supply  well  CW- 150  and  one  residential  well.  A  wellhead 
treatment  system  at  BW-18  has  been  in  place  since  1985  to  remove  organic 
chemicals  such  as  TCE  from  the  water.  Sampling  and  analysis  of  BW-18  is 
currently  being  conducted  at  McClellan  AFB  to  ensure  contaminants  are 
effectively  removed  by  the  treatment  system. 

There  are  30  monitoring  wells  and  5  abandoned  wells  located  in  Area 
B  and  Adjacent  On-Base  Areas.  There  are  10  monitoring  wells  located  in  the 
Southwest  Area  (Figure  3-9).  Of  these,  18  are  currently  included  in  the 
McClellan  AFB  groundwater  monitoring  network  and  12  are  non-network  wells 
(Table  3-6  and  3-7). 

3.2.1  Potential  Sources  of  Groundwater  Contamination 

There  are  19  UPRLa,  3  PSPRLa,  and  2  Confirmed  Sites  located  in  Area 
B  and  Adjacent  On-Base  Areas  (Figure  3-10).  The  two  confirmed  sites  are  an 
abandoned  plating  shop  (Building  666)  that  has  been  disassembled,  and  an 
abandoned  industrial  waste  treatment  plant.  The  types  of  PRLs  in  Area  B  and 
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TABLE  3-6. 

MONITORING 

WELLS  LOCATED 

IN  AREA  B  AND 

ADJACENT  ON- 

BASE 

AREAS 

Groundwater 

Monitoring 

Network 

Non-Network 

U 

Abandoned 

Total 

.  Number 

Zone 

Wells 

Wells 

Dry  Wells 

(Grouted) 

of 

Wells 

Shallow 

MW-41Sa 

MW-73 

None 

MW-23S 

11 

MW-1173 

MW-65a 

MW-42S 

MW-1203 

MW- 123a 

MW-43S 

MW-47S 

MW-48S 

Middle 

MW-23D 

MW-  5 

None 

6 

MW- 121 

MW-6a 

a 

MW-1183 
MW- 124a 


Deep  "A" 

MW-63a 

MW- 122 

MW-64 

MW- 66 

MW- 119 

MW- 125 

MW- 127a 

None 

7 

Deep  "B" 

MW- 132a 

None 

1 

Total  Number 
of  Wells 

8 

12 

0 

5 

25 

Samples  collected  from 

this  well  have 

contained  TCE. 

k  Under  consideration  for 

abandonment . 

lSTEDFIATR/071189/ham 
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TABLE  3-7.  MONITORING  WELLS  LOCATED  IN  THE  SOUTHWEST  AREA 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non -Network 
Wells 

Dry  Wells 

Total  Number 
of  Wells 

Shallow 

MW- 1011 
MW- 1016 
MW-10203 
MW-10213 
MW- 1023 

None 

None 

5 

Middle 

MW-10003 
MW- 1015 
MW-10223 
MW- 1024 

None 

None 

4 

Deep  "A" 

MW- 1025 

None 

None 

1 

Total  Number 

of  Wells 

10 

0  ' 

0 

10 

Samples  from 

this  well  have 

contained  TCE. 

ANUALTEC/040 5 89/hmm 
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Figure  3-10.  Confirmed  Sites,  Partially  Studied  Potential  Release  Locations,  &  Unstudied 
Potential  Release  Locations  in  Area  B,  McClellan  AFB 


Adjacent  On-Base  Areas  and  the  chemicals  that  are  suspected  or  confirmed  to 
have  been  used,  stored,  and/or  disposed  at  each  area  are  included  in  Appendix 
A-4.  Descriptions  presented  in  the  appendix  are  based  on  information  provided 
by  (McLaren,  (1986)  CH2M  Hill,  (1981)  and  the  McClellan  AFB  Office  of  Environ¬ 
mental  Management. 

3.2.2  Hvdrogeolozic  Data 

Soils  in  the  vicinity  of  Area  B  are  designated  as  Urban  Land  (cov¬ 
ered  by  concrete,  asphalt,  or  buildings).  This  is  typical  for  most  of  the 
base  where  industrial  activities  have  occurred.  The  types  of  soils  that  may 
be  present  beneath  Area  B  were  extrapolated  from  the  types  of  soils  in  adja¬ 
cent  open  areas  of  Area  B  and  the  Southwest  Area.  Soils  in  the  Southwest  Area 
and  immediately  west  of  Area  B  are  designated  as  San  Joaquin-Urban  Land 
Complex  or  Xeralfic  Arents -Urban  Land  Complex  respectively.  Soils  of  the  San 
Joaquin  Complex  consist  of  sandy  loams,  silty  loams  and  clays  underlain  by  a 
strongly  indurated  silica  cemented  hardpan.  The  Xeralfic  Arents  Complex 
consists  of  sandy  loams,  sandy  clay  loams,  clay  loams,  loamy  sands,  and  clays 
and  are  underlain  by  a  weakly  cemented  hardpan.  Permeability  of  the  Xeralfic 
Arents  and  San  Joaquin  Complex  is  moderate  to  very  slow  (USDA,  1986). 

A  west  to  east  cross  section  depicting  subsurface  deposits  beneath  a 
portion  of  Area  B  and  Adjacent  On-Base  Areas  is  shown  in  Figure  3-11.  The 
surface  trace  of  the  cross  section  is  shown  in  Figure  3-9.  As  shown  on  the 
cross  section,  materials  encountered  beneath  this  area  of  the  base  and 
off-base  in  the  Southwest  Area  consist  of  alternating  deposits  of  sands,  silts 
and  clayey  silts.  In  addition,  there  appears  to  be  a  fine-grained  zone  of 
clayey  silts  at  a  depth  of  -30  to  -100  feet  msl. 

There  are  thirty  monitoring  wells  located  in  Area  B  and  Adjacent 
On-Base  Areas  and  in  the  Southwest  Area  from  which  water  levels  can  be  mea¬ 
sured.  Water  levels  are  measured  every  three  months  in  19  of  these  wells  (18 
network  wells  and  one  non-network  well  screened  in  the  deep  "A"  monitoring 
zone  [MV-66] ) .  Water  levels  are  not  measured  in  the  remaining  eleven  non- 
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network  monitoring  wells  because  the  existing  network  wells  were  determined  in 
previous  studies  conducted  by  Radian  (October,  1987)  to  be  appropriately 
spaced  to  provide  adequate  information  or  because  wells  contain  an  extended 
screen  interval  and  therefore  are  not  suitable  for  water  level  measurements  of 
one  monitoring  zone. 


The  direction  of  groundwater  flow  in  Area  B  and  Adjacent  On-Base 
Areas  and  in  the  Southwest  Area  is  to  the  southwest  except  in  the  immediate 
vicinity  of  BW-18  based  on  the  interpretations  of  the  potentiometric  surface 
maps  (Plates  2,  3,  and  4)  produced  from  water  levels  measured  in  1988.  A  cone 
of  depression  is  apparent  in  Area  B  in  the  middle  monitoring  zone  (Plate  3)  as 
a  result  of  pumping  of  BW-18,  but  is  not  evident  on  the  maps  for  the  shallow 
or  deep  monitoring  zones.  BW-18  is  screened  at  four  depths,  from  -108  to  -124 
ft  msl,  from  -149  to  -199  ft  msl,  from  -243  to  -288  ft  msl  and  from  -317  to 
-326  ft  msl.  The  maps  (Plate  2)  for  the  shallow  monitoring  zone  shows  some 
influence  of  BW-18  pumping  on  the  contours.  There  are  four  deep  "A"  zone 
monitoring  wells  located  in  Area  B  and  the  Southwest  Area  that  can  be  used  to 
define  the  effect  of  pumping  on  local  groundwater  flow.  The  potentiometric 
maps  for  the  deep  monitoring  zone  in  the  areas  reflect  the  lack  of  hydrologic 
control . 


Off-base  water  supply  wells  located  in  the  Southwest  Area  operated 
by  the  City  of  Sacramento  (CW-150,  CW-132,  and  CW-131)  also  influence  the 
direction  of  groundwater  flow.  However,  their  effect  cannot  be  accurately 
determined  because  existing  monitoring  wells  are  not  located  near  these 
off-base  water  supply  wells.  City  Well -150  is  screened  from  144  to  372  ft  BGS 
(approximately  -90  to  -320  feet  msl),  CW-132  is  screened  from  192  to  234  ft 
BGS  (approximately  -140  to  -180  feet  msl)  and  CW-131  is  screened  from  150  to 
280  ft  BGS  (approximately  -100  to  -230  feet  msl).  To  aid  in  further  evalua¬ 
tions  of  the  groundwater  flow  regime  in  this  area,  Radian  has  proposed  the 
Installation  of  several  monitoring  well  clusters  (consisting  of  shallow, 
middle,  and  deep  "A"  and  deep  "B"  zone  monitoring  wells)  within,  northeast-, 
and  southeast  of  Area  B  as  part  of  the  Area  B  Operable  Unit  Remedial 
Investigation  (Radian,  February  1989).  Some  of  these  monitoring  wells  are 
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scheduled  to  be  constructed  In  Kerch  1989.  Measurement  of  water  levels  In 
these  wells  will  better  define  the  direction  of  groundwater  flow  in  Area  B  and 
the  Southwest  Area. 

There  have  not  been  any  significant  changes  in  groundwater  flow 
directions  in  Area  B  and  Adjacent  On-Base  Areas  and  in  the  Southwest  Area 
during  1988.  Based  on  water-level  measurements,  however,  there  have  been 
changes  in  horizontal  and  vertical  hydraulic  gradients.  Table  3-8  shows  the 
estimated  horizontal  and  vertical  hydraulic  gradients,  respectively,  for 
water-level  data  collected  in  October  1987  and  October  1988  in  Area  B  and 
Adjacent  On-Base  Areas  and  in  the  South west  Area.  In  general,  horizontal 
hydraulic  gradients  have  steepened  in  this  area  of  the  base  during  1988  and 
are  steepest  near  BW-18.  Vertical  hydraulic  gradients  show  a  downward 
potential  for  water  movement. 

3.2.3  Horizontal  and  Vertical  Distribution  of Contaminants 

Thirty-one  monitoring  wells  located  in  Area  B  and  Adjacent  On-Base 
Areas  and  in  the  Southwest  Area  have  been  sampled  and  analyzed  by  Radian  since 
June  of  1985.  Samples  collected  from  16  of  these  wells  have  contained  detect¬ 
able  concentrations  of  10  key  analytes.  The  minimum  and  maximum  detected  con¬ 
centrations  of  key  analytes  from  1985  through  1988  are  shown  in  Table  3-9  and 
3-10. 


Of  the  10  key  analytes,  TCE  is  the  most  frequently  detected.  A 
comparison  of  the  historical  occurrence  of  TCE  versus  the  most  recent  detec¬ 
tion  of  TCE  is  shown  in  Figures  3-12,  3-13,  3-14,  and  3-15.  As  shown  in  the 
figures,  monitoring  wells  that  have  historically  contained  TCE  continue  to 
show  detectable  TCE  concentrations  except  two  wells.  KW-1000  and  MW-1020  are 
located  approximately  1,000  feet  west  of  Area  B,  and  samples  from  these  wells 
have  contained  low  levels  of  TCE  sporadically. 
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TABLE  3-8.  GRADIENTS  OF  SELECTED  WELL  PAIRS  IN  AREA  B  AND  THE 
SOUTHWEST  AREA 


Well  Pair 

Monitoring 

Zone 

Vertical 

or 

Horizontal 

Distance 

(feet) 

Head 

Difference 

(feet) 

Gradients 

4Q  85* 

Horizontal 

MW-23S/MW-42S 

Shallow 

1634 

1.58 

5.11 

ft/mi 

MW-23D/MW-66 

Middle 

294 

2.65 

47.52 

ft/mi 

Vertical 

MW-23S/MW-23D 

Shallow/Middle 

72 

0.06 

ft/ft 

4Q87 

Horizontal 

MW- 1016/MW- 1021 

Shallow 

860 

0.10 

0.61 

ft/mi 

MW- 1015/MW- 23D 

Middle 

1696 

4.08 

12.70 

ft/mi 

Vertical 

MW- 1021/MW- 1022 

Shallow/Middle 

48 

7.38 

-0.15 

ft/ft 

MW- 1020/MW- 1000 

Shallow/Middle 

31 

0.05 

<0.01 

ft/ft 

MW- 120/MW- 121 

Shallow/Middle 

45 

2.70 

-0.06 

ft/ft 

4Q88 

Horizontal 

MW-  1016/MW- 1021 

Shallow 

860 

0.12 

0.74 

ft/mi 

MW- 1015/MW-23D 

Middle 

1695 

4.20 

13.10 

ft/mi 

Vertical 

MW- 1020/MW- 1000 

Shallow/Middle 

31 

0.12 

<0.01 

ft/ft 

MW- 120/MW- 121 

Shallow/Middle 

45 

3.15 

-0.07 

ft/ft 

MW- 121/MW- 122 

Middle/Deep 

58 

2.30 

-0.04 

ft/ft 

From  McClaren,  February  1986. 

NoCe:  negative  (-)  gradient  Indicates  downward  flow  potential. 
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TABLE  3-9.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES  a 

IN  MONITORING  WELLS  LOCATED  IN  AREA  B  AND  ADJACENT  ON-BASE  AREAS 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Analyte 

Minimum 

Concentration 

Detected 

Maximum 

Concentration 

Detected 

All  units  , 

are  ug/L 

1 , 1-Dichloroethane 

0.21 

0.21 

Total  1 , 2 -Dichloroethene 

4.9 

25 

Chloroform 

0.18 

5.6 

1 , 2-Dichloroethane 

0.14 

2.1 

1,1, 1-Trichloroethane 

2.3 

2.3 

Carbon  tetrachloride 

0.25 

0.71 

Trichloroethene 

2.7 

2900 

Tetrachloroethene 

0.18 

370 

Chloroform 

0.95 

0.95 

1 , 1 , 1-Trichloroethane 

0.30 

0.5 

Trichloroethene 

0.2 

86.2 

1 , 1- Dichloroethene 

0.24 

0.76 

1 , 1-Dichloroethane 

0.15 

0.15 

Total  1 , 2 -Dichloroethene 

0.64 

68 

Chloroform 

0.13 

1.0 

1 , 2-Dichloroethane 

0.30 

0.90 

Trichloroethene 

1.3 

210 

Tetrachloroethene 

0.15 

0.15 

lytes  and  associated  action 

levels  are  given  in 

the  table  below. 

Groundwater 

Monitoring 

Zone 


Shallow 


Middle 


Deep 


Key  Analyte 

DHS  Action 
Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1-Dichloroethene 

6 

7 

1 , 1-Dichloroethane 

20 

NE 

Total  1 , 2 -Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2-Dichloroethane 

1 

5 

1,1, 1-Trichloroethane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 

NE  -  not  established. 
All  unit  are  ug/L. 
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TABLE  3-10.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES  a 
IN  MONITORING  WELLS  LOCATED  IN  THE  SOUTHWEST  AREA 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Monitoring 

Zone 

Analyte 

Minimum 

Concentration 

Detected 

Maximum 

Concentration 

Detected 

All  units  are  ug/b 

Shallow 

Total  1 , 2-Dichloroethene 

0.10 

12 

Chloroform 

0.10 

0.33 

1,1, 1-Trichloroethane 

0.25 

0.78 

Carbon  tetrachloride 

0.24 

0.24 

Trichloroethene 

0.30 

57 

Tetrachloroethene 

0.16 

5.6 

Middle 

Total  1 , 2 -Dichloroethene 

0.16 

25 

Chloroform 

0.10 

0.49 

1,1, 1-Trichloroethane 

0.83 

0.83 

Trichloroethene 

0.30 

21 

Tetrachloroethene 

0.1 

1.0 

Deep 

No  Key  Analytes  were  detected 

in  this  zone 

a  The  10  key  analytes  and  associated  action  levels  are  given  in  the  table  below. 


Key  Analyte 

DHS  Action 
Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1 -Dichloroethene 

6 

7 

1 , 1-Dichloroethane 

20 

NE 

Total  1 , 2 -Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2-Dichloroethane 

1 

5 

1,1, 1-Trichloroethane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 

NE  -  not  established. 
All  unit  are  ug/L. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  AREA  B  /  SW  SHALLOW  MONITORING  WELLS 
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most  recent  occurrence  of  tce 

in  AREA  B  /  SW  MIDDLE  MONITORING  WELLS 
(OCTOBER  1988) 
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Figure  3*13. 

Historical  &  Present 
Occurrence  of  TCE  in 
Middle  Zone  Monitoring  Wells, 
Area  B  &  the  Southwest  Area. 
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Trend  Analysis 


The  concentrations  of  the  10  key  analytes  for  each  monitoring  well 
were  statistically  examined  to  determine  if  there  were  trends  in  concentra¬ 
tions  over  time.  The  statistical  methods,  detailed  in  Section  2.4,  were  used 
to  provide  an  objective  description  of  the  analyte  concentration  changes. 

The  contaminant  concentrations  of  five  monitoring  wells  in  Area  B 
and  the  Southwest  Area  show  statistically  significant  trends.  MW- 120 
located  between  Areas  B  and  C,  shows  decreasing  trends  for  TCE  and  chloroform. 
MW-41S  located  on  the  east  side  of  Area  B  has  shown  dramatically  increasing 
trends  for  both  TCE  and  DCE  since  April  1988.  Total  1,2-DCE  in  MW- 132  shows 
an  increasing  trend.  Contaminant  concentrations  in  MW-1021  and  MW-63  have 
been  decreasing  since  April  1987. 

Three  of  the  five  monitoring  wells  that  show  trends  are  screened  in 
the  shallow  zone.  Trichlorethene  and  chloroform  concentrations  in  MW- 120  show 
decreasing  trends  (Figure  3-16).  Trichloroethene  is  estimated  to  be 
decreasing  ;:t  the  rate  of  -0.78  to  -3.01  ug/L  per  sampling  period.  Chloroform 
concentrations  are  at  very  low  levels  (less  than  2  ug/L)  and  the  estimated 
change  is  between  -0.17  and  -0.08  ug/L  per  sampling  period.  MW- 120  is  part  of 
a  three  well  cluster,  MW- 120/MW- 121/MW- 122 .  Neither  MW-121  nor  MW-122  have 
shown  a  consistent  presence  of  any  Method  8010  analyte. 

MW-41S,  a  shallow  zone  monitoring  well,  shows  increasing  trends  for 
TCE,  PCE  and  total-1, 2-DCE  (Figure  3-17).  Trichloroethene  and  PCE  concentra¬ 
tions  have  shown  increasing  trends  only  since  April  of  1988.  Trichloroethene 
has  Increased  from  220  ug/L  to  2900  ug/L  and  PCE  has  increased  from  10  to  370 
ug/L  during  these  three  quarters.  The  trend  for  total  1,2-DCE  does  not  follow 
the  same  pattern,  but  instead  appears  to  be  a  step  increase  during  the  first 
quarter  of  1987.  Differences  in  contaminant  concentration  trends  may  be  due 
to  differences  in  the  location  of  the  sources,  amounts  of  chemical  used  or  the 
time  period  when  the  chemical  was  used. 
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The  third  shallow  zone  monitoring  well  exhibiting  a  trend  in  concen¬ 
trations  is  MW-1021 .  MW- 1021  shows  a  decreasing  trend  for  TCE  (Figure  3-17). 
Samples  from  this  monitoring  well  have  also  consistently  contained  PCE  which 
shows  a  decreasing  trend  if  only  the  data  since  April  1987  is  considered. 

In  the  deep  "B"  monitoring  zone  of  Area  B,  MW- 132  shows  an  increas¬ 
ing  trend  for  total  1,2-DCE  with  an  expected  increase  ranging  from  0.17  to 
4.79  ug/L  per  sampling  period  (Figure  3-18).  This  well  also  contains  TCE  in 
the  range  of  48  to  110  ug/L  but  concentrations  do  not  show  a  statistically 
significant  trend.  Another  deep  zone  monitoring  well,  MW-63,  located  near 
MW- 132  and  north  of  MW-1021,  shows  TCE  and  total -1,2-DCE  consistently.  These 
analytes  do  not  have  detectable  trends  for  the  entire  monitoring  period. 
However,  as  in  the  case  of  the  PCE  concentration  in  MW-1021,  the  latter  part 
of  the  data  from  April  1987  to  the  present  show  statistically  significant 
decreasing  trends  for  total  1,2-DCE  (Figure  3-18). 

3.2.5  Discussion 

A  limited  number  of  monitoring  wells  are  located  in  Area  B  and 
Adjacent  On-Base  Areas  and  in  the  Southwest  Area.  Additional  monitoring  wells 
will  help  define  localized  groundwater  flow  directions,  characterize 
contamination,  and  interpret  rates  and/or  changes  in  contaminant  migration. 
At  this  time,  based  on  the  available  analytical  and  hydrological  data,  the 
following  observations  and  interpretations  can  be  presented: 

e  Local  groundwater  flow  and  contaminant  movement  in  Area  B 
appears  to  be  controlled  by  pumping  of  BW-18;  and 

e  Contaminants  have  been  detected  in  two  deep  zone  monitoring 
wells,  (MW-63  and  MW-132)  west  of  BW-18,  indicating  vertical 
migration  or  migration  at  depth  from  *n  upgradient  source. 

Based  on  the  results  of  aquifer  tests,  water  level  data  and 
estimates  of  the  physical  characteristics  of  the  aquifer  material,  an 
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Figure  3-18.  Time  Series  Plots  for  MW-132  and  MW-63  (Area  B). 


estimated  rate  of  groundwater  flow  beneath  Area  B  can  be  made  by  using  the 

equation  for  Darcy's  velocity  (q-Ki/n) .  Multiple  well  aquifer  tests  have  been 

performed  by  Radian  using  middle  and  deep  zone  monitoring  wells  located  north 

of  Area  B  (approximately  1,500  feet  north  of  BW-18).  Estimates  of  average 

hydraulic  conductivity  for  the  middle  and  deep  monitoring  zones  were  270  to 

2 

390  gallons/day/ft  respectively.  Horizontal  hydraulic  gradients  have  ranged 
from  12.70  to  47.52  feet/mile  in  the  middle  monitoring  zone  and  are  estimated 
to  be  approximately  15.2  ft/mile  in  the  deep  monitoring  zone.  Effective 
porosity  values  have  not  been  determined  from  field  samples  but  can  be  esti¬ 
mated  to  be  approximately  20  percent  for  the  types  of  geologic  materials 
encountered  beneath  Area  B  (Fetter,  1980). 

Based  on  these  values  and  using  Darcy's  equation,  groundwater  flow 
may  be  from  0.7  to  1.6  feet  per  day  in  the  middle  and  deep  monitoring  zones 
beneath  Area  B  and  Adjacent  On-Base  Areas  and  the  Southwest  Area.  These  are 
estimates  of  groundwater  flow  based  on  aquifer  hydraulic  conductivity  values 
derived  from  tests  conducted  north  of  Area  B. 

On  the  cross  section  for  Area  B,  there  appears  to  be  a  thick  fine 
grained  zone  at  a  depth  of  approximately  -50  to  -100  ft  msl.  The  layer 
however,  does  not  appear  to  be  effective  In  preventing  the  vertical  migration 
of  contaminants.  Water  quality  samples  collected  from  wells  screened  at 
deeper  depths  (MW-63  and  MW- 132)  have  consistently  contained  detectable 
concentrations  of  TCE  and  other  key  analytes  at  concentrations  above  drinking 
water  standards.  Concentrations  of  TCE  in  MW-63  have  been  greater  than  20 
ug/L  since  the  monitoring  well  was  installed  in  1985.  Also,  aquifer  tests 
north  of  Area  B  have  shown  that  there  is  communication  between  monitoring 
zones  above  and  below  this  fine-grained  layer.  Therefore,  the  most  probable 
explanation  based  on  current  data  for  the  presence  of  contaminants  in  the  deep 
"A"  and  "B"  zones  is  that  the  finegrained  layer  may  include  restricted  sand 
bodies  that  allow  vertical  migration  of  contaminants. 

The  analytical  results  for  samples  from  monitoring  wells  sampled 
since  1985  show  that  TCE  is  the  most  commonly  detected  analyte  and  thus  can  be 
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used  to  track  contaminant  migration  within  and  southwest  of  Area  B.  Based  on 
the  potentiometric  maps,  occurrence  of  this  compound  and  trend  analyses, 
limited  interpretations  can  be  made  regarding  groundwater  flow  directions  and 
contaminant  migration  within  and  southwest  of  the  Area  B.  These  interpretat¬ 
ions  are  discussed  below. 

Base  Uell-18  and  other  off-base  City  of  Sacramento  water  supply 
wells  (CW-131,  CW-132  and  CW-150)  have  had  the  most  influence  on  groundwater 
flow  in  this  area  of  the  base  and  the  Southwest  Area  based  on  potentiometric 
maps  since  1986.  Potentiometric  maps  indicate  a  generally  south  to  southwest 
groundwater  flow  direction.  As  discussed  in  the  introduction  (pg  1-15),  there 
is  a  regional  pumping  depression  centered  south  of  the  base.  Pumping  of  BW-18 
appears  to  have  controlled  the  migration  of  contaminants  in  Area  B  and  ad¬ 
jacent  On-Base  Areas.  Base  Uell-18  was  completed  in  1953  and  was  in  operation 
until  1981  when  TCE  was  detected  in  the  well.  Operation  of  BW-18  was  resumed 
in  1985  after  a  well  head  treatment  system  was  Installed.  Pumping  records  up 
through  Harch  1988  indicate  that  BW-18  is  operated  approximately  5  days  a  week 
at  an  average  rate  of  1,300  gallons  per  minute  for  an  average  of  14  hours  per 
day.  Contaminants  have  been  detected  in  monitoring  wells  approximately  300 
feet  south  of  BW-18  (MW-1021  and  MW-1022)  during  the  last  sampling  event  in 
October  1988.  Trichloroethene  was  not  detected  in  samples  from  wells  located 
further  south  (MW-23D,  MW-1016  and  MW-1015).  No  contaminants  were  detected  in 
the  monitoring  wells  located  west  and  southwest  of  BW-18  (MW- 1000,  MW- 1020, 
MW-1023,  MW-1024  and  MW-1025).  However,  in  the  past  TCE  has  been  detected  in 
most  of  these  wells  (Figure  3-12  through  3-15). 

There  is  evidence  of  contaminant  migration  toward  BW-18  from  the 
east.  Trend  analyses  of  monitoring  wells  located  upgradlent  (east)  of  BW-18 
Indicated  that  TCE  concentrations  in  MW-41S  have  shown  a  large  increasing 
trend  over  the  past  year.  Concentrations  of  TCE  in  MW-41S  have  increased  from 
81  ppb  in  October  1987  to  2900  ppb  in  October  1988.  This  large  Increasing 
trend  indicates  migration  from  sources  upgradlent  of  MW-41S  toward  BW-18. 

Contaminants  may  also  be  migrating  toward  Area  B  from  Area  A  based 
on  groundwater  flow  directions  and  the  recently  detected  presence  of  TCE  and 
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carbon  tetrachloride  in  BW-13  located  dovngradient  from  Area  A  and  upgradient 
from  Area  B. 

Contaminants  have  been  detected  in  all  four  monitoring  zones  indi¬ 
cating  that  there  has  been  vertical  migration  either  in  Area  B  or  in  another 
area  upgradient  from  Area  B.  Contaminants  have  been  detected  in  monitoring 
wells  located  between  BW-18  and  Area  A.  BW-18  appears  to  be  a  significant 
factor  in  the  movement  of  contaminants  in  Area  B. 

3.3  Area  C  and.  Adjacent  On-Base  Areas 

Area  C  is  located  on  the  western  side  of  the  base.  The  boundary  for 
Area  C  was  determined  during  initial  investigations  by  CH2M  Hill  based  on 
locations  of  potential  hazardous  waste  releases. 

There  have  been  various  activities  related  to  industrial  waste 
storage  and  treatment  in  Area  C.  These  activities  have  resulted  in  burn  pits, 
waste  disposal  pits,  waste  storage  and  handling  areas,  and  wastewater  storage 
and  treatment  ponds .  Treatment  of  wastewater  and  contaminated  groundwater 
continue  in  Area  C  at  the  present  time.  During  work  to  identify  and 
characterize  sites  in  1985,  McLaren  also  sampled  groundwater  in  the  area. 
Contaminated  groundwater  was  detected  within  Area  C  and  in  areas  west  and 
south  of  the  Area  C. 

There  are  a  total  of  45  monitoring  wells  and  four  extraction  wells 
in  Area  C  and  Adjacent  On-Base  areas.  Twenty-seven  monitoring  wells  are 
screened  in  the  shallow  monitoring  zone;  8  are  screened  in  the  middle  moni¬ 
toring  zone;  7  are  screened  in  the  deep  "A"  monitoring  zone;  and  3  are 
screened  in  the  deep  "B”  monitoring  zone  beneath  the  deep  "A"  zone.  Ground- 
water  quality  beneath  Area  C  and  Adjacent  On-Base  Areas  is  currently  monitored 
using  35  monitoring  wells.  Of  the  27  shallow  zone  monitoring  wells,  10  wells 
are  now  dry  or  do  not  contain  enough  water  for  sampling.  The  4  extraction 
wells  are  used  to  remove  contaminated  groundwater  for  treatment  and  are 
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screened  in  the  middle,  deep  "A"  and  deep  "B"  monitoring  zones.  Tables  3-11 
and  3-12  present  information  on  the  monitoring  and  extraction  wells  in  Area  C. 
The  locations  of  the  monitoring  and  extraction  wells  are  shown  in  Figure  3-19. 
There  are  no  active  water  supply  wells  in  Area  C.  There  were  two  water 
supply  wells  in  Area  C  when  the  base  acquired  the  property,  but  the  locations 
are  unknown  and  these  wells  have  never  been  used  by  the  Air  Force. 

3.3.1  Potential  Sources  of  Groundwater  Contamination 

Area  C,  12  sites  have  been  confirmed  as  sources  of  contaminant 
discharges,  and  there  are  28  PSPRLs  and  3  UPRLs .  Beginning  in  the  1940s  Area 
C  was  used  for  storing,  treating,  and  disposing  of  wastes.  Landfills,  sludge 
pits,  burn  pits,  holding  and  setting  ponds,  sludge  ponds,  and  waste  oil 
storage  ponds  have  been  located  in  Area  C  (Figure  3-20).  In  McLaren's 
"Basewide  Report  on  Contamination  at  McClellan  AFB,"  (McLaren,  1986)  two  sites 
were  identified  as  having  shown  significant  vertical  and  lateral  migration  of 
hazardous  materials.  These  two  sites  include  Site  22  where  oily  wastes  and 
solvents  were  stored  and  Site  42  which  consisted  of  three  oil  storage  ponds. 
The  oil  storage  ponds  were  subsequently  covered  by  the  Industrial  Waste  Treat¬ 
ment  Plant  aeration  ponds.  McLaren  also  reported  that  migration  of  the  wastes 
was  primarily  to  the  south  and  southeast.  In  addition,  McLaren  reported  there 
may  have  been  some  lateral  migration  of  chemical  wastes  to  the  north  from  Site 
22. 

3.3.2  HxdEttgaflltfig  Data 

The  soils  in  Area  C  are  similar  to  those  in  Areas  A,  B,  and  D.  They 
are  mapped  as  Xeralfic  Arents  and  as  urban  land  where  covered  by  buildings  or 
asphalts.  Xeralfic  Arents  are  characterized  by  moderately  deep  to  very  deep 
well  drained  soils.  Permeability  is  moderate  to  slow.  The  surface  layer  is  a 
sandy  loam  or  sandy  clay  loams.  The  subsurface  layer  is  a  loamy  sand  .or 
sandly  loam  with  clay  loam  or  clay  fragments.  A  weakly  cemented  hardpan  can 
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TABLE  3-11.  MONITORING  WELLS  LOCATED  IN  AREA  C  AND 


ADJACENT  ON-BASE  AREAS 


Groundwater 

Monitoring 

Zone 

Ne twork 
Wells 

Non-Network 

Wells 

Dry  Wellsb 

Abandoned 

Total  Number 
of  Wells 

Shallow 

MW-21S® 

MW-33S3 

MW-2b 

MW-  77 

MW-78 

MW-79 

MW-20S®' 

MW-22S®’ 

27 

MW-36S® 

MW-82 

MW -80 

MW-34S 

MW-44S® 

MW-81 

MW-35S 

MW-  60 

MW-37 

MW-61 

MW-  62 

MW- 107 

MW- 110 

MW- 1113 
MW- 114® 
MW- 128 
MW-1313 
MW-1393 

MW-45S®’ 

Middle 

MW-20D 

MW-21D3 

None 

None 

8 

MW-  75 

MW- 108 

MW- 113 

MW- 115 

MW-1293 

MW-135a 

Deep  "A" 

MW-22D3 
MW- 109 

MW- 112 

MW- 130® 
MW-134® 
MW- 142 
MW-143 

None 

None 

7 

Deep  "B" 

MW-133 

MW- 136® 

3 

MW-138 

Totals 

32 

3 

4 

6 

45 

Samples  collected  from  this  well  have  contained  TCE. 
b  Under  consideration  for  abandonment  (destruction). 
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TABLE  3-12.  EXTRACTION  WELLS  LOCATED  IN  AREA  C  GROUNDWATER  SAMPLING 
AND  ANALYSIS  PROGRAM,  ANNUAL  TECHNICAL  REPORT 
(JAN  -  DEC  1988) 


Groundwater 

Monitoring 

Extraction 

Zone 

Well 

Deep  "A" 

EW-137 

Deep  ''A" 

EW-140 

Deep  "B" 

EW-141 

Middle  and  Deep  "A" 

EW- 144 
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Figure  3-20.  Confirmed  Sites,  Partially  Studied  Potential  Release  Locations,  &  Unstudied 
Potential  Release  Locations  in  Area  C,  McClellan  AFB 


be  found  at  depths  from  32  to  60  inches  or  more.  Xeralfic  Arents  are  formed 
in  fill  material  mixed  by  grading  and  excavation  activities.  The  fill  mater¬ 
ial  is  derived  from  nearby  soils  of  mixed  and  granitic  origin. 

Interbedded  alluvial  deposits  of  sand,  silt,  and  clayey  silts  lie 
beneath  the  surface  soils.  As  shown  in  the  south  to  north  cross  section 
through  Area  C  (Figure  3-21),  most  of  the  coarser-grained  sediments  do  not 
appear  to  be  continuous.  There  does  appear  to  be  a  finer-grained  zone  that  is 
continuous  at  a  depth  of  about  -150  ft  msl.  Even  within  this  finer  grained 
zone,  there  are  inclusions  of  sands.  The  location  of  this  profile  is  shown  on 
Figure  3-19. 


Water- level  measurements  in  Area  C  monitoring  wells  have  been  used 
to  develop  potentiometric  surface  maps  and  determine  groundwater  flow  direct¬ 
ions.  In  Area  C  groundwater  flow  has  typically  followed  the  regional  ground- 
water  flow  direction  from  north  to  south.  Pumping  of  water  supply  wells  south 
of  Area  C  by  the  base  and  municipalities  has  created  a  regional  flow  pattern 
to  the  south.  In  1985,  potentiometric  maps  developed  by  McLaren  indicated  a 
southerly  groundwater  flow,  but  a  groundwater  divide  near  MW- 36  was  also 
noted.  North  of  MW- 36  groundwater  flow  was  north  or  toward  Area  D.  Based  on 
the  interpretation  of  the  shallow  monitoring  zone  potentiometric  maps  for 
October  1988,  there  is  currently  a  groundwater  divide  in  the  northern  end  of 
Area  C.  There  are  no  middle  or  deep  zone  monitoring  wells  in  the  same  area  to 
use  in  determining  the  local  groundwater  flow  directions.  Because  of  the  lack 
of  water  level  data,  the  approximate  area  of  a  groundwater  divide  in  the 
middle  and  deep  monitoring  zones  cannot  be  determined.  At  the  end  of  August 
1988,  pumping  of  the  Area  C  extraction  wells  was  begun.  The  effects  of  the 
extraction  system  on  the  groundwater  flow  regime  however  cannot  be  identified 
on  the  potentiometric  maps  generated  from  the  October  1988  water-level  data. 

The  four  extraction  wells  that  comprise  the  Area  C  extraction  system 
are  located  along  a  north-south  line  and  are  shorn  in  Figure  3-19.  Extraction 
well  EV-144  is  the  furthest  north;  EV-137  is  located  approximately  550  feet 
south  of  EV-144,  and  EV-140  and  EW-141  are  located  approximately  445  feet 
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Figure  3-21. 

Subsurface  Profile,  Area  C 
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south  of  EW-137.  The  extraction  well  specifications  are  presented  in  Appendix 
A- 3.  The  average  combined  flow  rate  from  the  four  extraction  wells  was 
approximately  160  gpm  during  the  four  months  of  operation  in  1988.  The  four 
wells  are  screened  at  different  depths  and  extract  water  from  different 
monitoring  zones.  EW-137  is  screened  from  162  to  172  feet  below  ground 
surface  (ft  BGS)  or  in  the  deep  "A"  monitoring  zone.  EW-140  is  screened  from 
180  to  190  ft  BGS  (deep  "A"  monitoring  zone)  and  EW-141  is  screened  from  230 
to  240  ft  BGS  (deep  "B"  monitoring  zone).  EW-144  is  screened  at  two  inter¬ 
vals,  from  120  to  130  ft  BGS  and  from  165  to  185  ft  BGS  (middle  and  deep  "A" 
zones) . 


Gradients  were  calculated  to  determine  changing  flow  potentials 
since  the  fourth  quarter  of  1985.  As  shown  in  Table  3-13,  horizontal  and 
vertical  gradients  have  been  increasing  since  1985.  There  is  an  increasing 
flow  potential  to  the  south  as  indicated  by  the  increasing  horizontal 
gradients.  There  is  also  an  increasing  downward  flow  potential  between  the 
shallow  and  the  middle  monitoring  zones  and  the  middle  and  deep  "A"  monitoring 
zones  since  1985. 

3.3.3  Horizontal  and  Vertical  Distribution  of  Contaminants 

After  groundwater  sampling  of  the  existing  monitoring  wells  in  1985, 
McLaren  noted  that  contaminants  were  detected  in  almost  all  wells  but  that 
there  was  more  contamination  south  of  the  Industrial  Wastewater  Treatment 
Plant  (IWTP)  (the  former  location  of  oil  storage  ponds).  In  recent  sampling 
during  October  1988,  contaminants  continue  to  be  detected  throughout  Area  C, 
but  the  highest  concentrations  of  TCE  have  been  detected  in  wells  located 
south  of  the  IWTP.  Since  1985,  several  monitoring  wells  screened  in  the 
shallow  monitoring  zone  have  become  dry  as  water  levels  have  declined  about 
two  feet  per  year  in  Area  C. 
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TABLE 

3-13.  GRADIENTS  OF 

SELECTED  WELL 

PAIRS  IN  AREA  C 

Well  Pair 

Monitoring 

Zone 

Vertical 

or 

Horizontal 

Distance 

(feet) 

Head 

Difference 

(feet) 

Gradient 

4  Q  1987: 

Horizontal: 

MW- 33S/MW- 128 

Shallow 

197 

0.21 

5.63  ft/mi 

MW-75/MW-129 

Middle 

252 

0.52 

10.90  ft/mi 

MW-22D/MW-130 

Deep  "A" 

650 

0.21 

1.71  ft/mi 

Vertical : 

MW- 21S/MW- 21D 

Shallow/Middle 

45 

0.90 

-0.02  ft/ft 

MW- 128/MW- 129 

Shallow/Middle 

38 

0.38 

-0.01  ft/ft 

MW- 129/MW- 130 

Middle/Deep 

51 

1.54 

-0.03  ft/ft 

3  Q  1988: 

Horizontal : 

MW- 333/MW- 128 

Shallow 

197 

0.19 

5.09  ft/mi 

MW- 75/MW-129 

Middle 

252 

0.50 

10.48  ft/mi 

MW- 136/MW- 138 

Deep  "B” 

585 

0.35 

3.18  ft/mi 

MW- 22D/MW- 130 

Deep  "A" 

650 

0.06 

0.50  ft/rai 

Vertical: 

MW-21S/MW-21D 

Shallow/Middle 

45 

-0.82 

-0.02  ft/ft 

MW- 128/MW- 129 

Shallow/Middle 

38 

-0.31 

-0.01  ft/ft 

MW- 129/MW- 130 

Middle/Deep 

51 

-1.55 

-0.03  ft/ft 

MW- 135/MW- 134 

Middle/Deep 

56 

-1.15 

-0.02  ft/ft 

4  Q  1988 

Horizontal 

MW- 136/MW- 138 

Deep  "B" 

585 

0.12 

1.08  ft/ml 

Vertical: 

MW-128/MW-129 

Shallow/Middle 

38 

-0.5 

-0.01  ft/ft 

MW- 129/MW- 130 

Middle/Deep 

51 

-2.84 

-0.06  ft/ft 

MW- 135/MW- 134 

Middle/Deep 

56 

-0.93 

-0.02  ft/ft 

Note:  Negative  (-) 

gradients  Indicate 

downward  flow  potential, 

or  horizontal 

flow  potential  cowards  an  extraction  well. 


i 
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Monitoring  wells  in  which  TCE  has  historically  been  detected  and  in 
which  TCE  has  most  recently  been  detected  are  shown  in  Figures  3-22,  3-23, 
3-24  and  3-25.  Results  from  the  sampling  events  prior  to  October  1988  indi¬ 
cate  contamination  was  detected  in  the  shallow  monitoring  zone  throughout  Area 
C  as  well  as  to  the  west  and  south  of  Area  C.  More  recent  sampling  results 
show  TCE  has  been  detected  throughout  Area  C  and  to  the  south,  but  not  in 
samples  from  on-base  wells  west  of  Area  C  (Mtf-107,  MW-110,  MW-111,  and  MW-114. 
Contaminants  have  been  detected  in  the  middle  monitoring  zone  near  Sites  22 
and  42,  and  south  of  Area  C.  Deep  zone  contamination  has  also  been  detected 
near  Sites  22  and  42,  and  south  of  Area  C.  Contaminants  have  been  detected  in 
a  well  cluster  located  approximately  2000  feet  south  of  Sites  42  and  22.  At 
this  well  cluster,  TCE  has  been  detected  in  the  middle  and  deep  "A"  monitoring 
zone  wells  (MW- 135  and  MW- 134,  respectively)  but  not  in  the  deep  "B"  zone 
monitoring  well  (MW-133).  Table  3-14  presents  the  range  of  concentrations  of 
key  analytes  detected  in  Area  C  monitoring  wells. 

3.3.4  Trend  Analysis 

A  trend  analysis  of  analytical  results  from  wells  with  sufficient 
data  was  conducted  to  establish  "pre-extraction  system"  information.  Both 
increasing  and  decreasing  contaminant  trends  are  evident  in  Area  C  monitoring 
wells.  Trends  of  Increasing  or  decreasing  contaminant  concentrations  over 
time  are  shown  as  graphs  in  Figures  3-26  through  3-29. 

In  the  northern  section  of  Area  C  there  are  two  wells  that  have  been 
monitored  consistently  and  show  trends  in  contaminant  concentrations.  MW-36S, 
a  shallow  zone  monitoring  well,  shows  an  increasing  then  a  decreasing  trend 
for  trichlorofluoromethane  (Figure  3-26).  This  type  of  pattern  could  indicate 
that  a  slug  of  material  was  released  at  one  point  in  time.  Uncertainty 
brackets  are  not  Included  on  the  trichlorofluoromethane  time  series  plot  due 
to  a  lack  of  field  duplicate  pairs  in  which  this  compound  was  detected. 
Trichloroethene  has  also  been  detected  consistently  at  levels  ranging  from  1.6 
to  5.3  ug/L,  but  shows  no  trend.  Another  shallow  zone  monitoring  well,  MW-44S 


1STEDFIATR/110689/JLH 


3-58 


TABLE  3-14.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES  a 

IN  MONITORING  WELLS  LOCATED  IN  AREA  C  AND  ADJACENT  ON-BASE  AREAS 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Monitoring 

Zone 

Analyte 

Minimum 

Concentration 

Detected 

Maximum 

Concentration 

Detected 

All  units 

are  ug/L 

Shallow 

Vinyl  chloride 

0.6 

15 

1 , 1 -Dichloroethene 

0.24 

8.5 

1 , 1 -Dichloroethane 

0.18 

440 

Total  1 , 2-Dichloroethene 

0.10 

780 

Chloroform 

0.1 

300 

1 , 2 -Dichloroethane 

0.10 

530 

1 , 1 , 1-Trichloroethane 

0.24 

280 

Carbon  tetrachloride 

0.31 

22 

Trichloroethene 

0.2 

68000 

Tetrachloroethene 

0.12 

26 

Middle 

Total  1 , 2-Dichloroethene 

0.25 

7.5 

Chloroform 

0.96 

1.6 

1 , 2 -Dichloroethane 

0.39 

0.95 

Trichloroethene 

0.8 

610 

Deep 

1 , 1-Dichloroethene 

1.9 

297 

1 , 1-Dichloroethane 

0.15 

16.7 

Total  1 , 2-Dichloroethene 

0.16 

8.8 

Chloroform 

0.17 

0.43 

1 , 1 , 1-Trichloroethane 

0.44 

133 

Trichloroethene 

0.75 

470 

Tetrachloroethene 

13.5 

13.5 

a  The  10  key  analytes  and  associated  action  levels  are  given  in  the  table  below. 


Key  Analyte 

DHS  Action 
Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1-Dichloroethene 

6 

7 

1 , 1-Dichloroethane 

20 

NE 

Total  1 , 2-Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1,2- Dichloroethane 

1 

5 

1,1, 1 -Trichloroethene 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 

N£  -  not  established. 
All  unit  are  ug/L. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  AREA  C  SHALLOW  MONITORING  WELLS 
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Figure  3-22. 

Historical  &  Present 
Occurrence  of  TCE  in 
Shallow  Zone  Monitoring  Wells, 
Area  C  &  Adjacent  On-Base  Areas. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  AREA  C  MIDDLE  MONITORING  WELLS 
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most  recent  occurrence  of  tce 

IN  AREA  C  MIDDLE  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-23. 

Historical  &  Present 
Occurrence  of  TCE  in 
Middle  Zone  Monitoring  Wells, 
Area  C  &  Adjacent  On-Base  Areas. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  AREA  C  DEEP  "A"  MONITORING  WELLS 
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IN  AREA  C  DEEP  "A”  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-24. 

Historical  &  Present 
Occurrence  of  TCE  in 
Deep  "A”  Zone  Monitoring  Wells, 
Area  C  &  Adjacent  On-Base  Areas. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  AREA  C  DEEP  "B"  MONITORING  WELLS 
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MOST  RECENT  OCCURRENCE  OF  TCE 
IN  AREA  C  DEEP  "B"  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-25. 

Historical  &  Present 
Occurrence  of  TCE  in 
Deep  "B”  Zone  Monitoring  Weils, 
Area  C  &  Adjacent  On-Base  Areas. 
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Figure  3-27.  Time  Series  Plots  for  MW-33S,  MW-128  and  MW-131 
(Area  C  and  Adjacent  On-Base  Areas). 
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Figure  3-28.  Time  Series  Plots  for  MW-1 1 1 
(Area  C  and  Adjacent  On-Base  Areas). 
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Figure  3-29.  Time  Series  Plots  for  MW-134 
(Area  C  and  Adjacent  On-Base  Areas). 


shows  an  increasing  trend  for  TCE  (Figure  3-26),  but  concentrations  are  low 
(approximately  1  ug/L) . 

In  the  southern  part  of  Area  C,  the  shallow  zone  monitoring  wells 
included  in  the  monitoring  program  are  MW-33S,  MW- 128,  MW- 131,  MW- 61  and 
MW-139.  All  of  these  wells  just  mentioned,  currently  contain  TCE.  Total 
1,2-DCE  has  been  detected,  in  all  these  wells  throughout  1988,  except  MW-61  in 
which  1,2-DCE  was  not  detected  in  October  1988.  The  only  trends  detected  were 
an  increasing  trend  for  1,2-DCA  in  MW-33S,  a  decreasing  trend  for  TCE  in 
MW-128  and  an  increasing  TCE  trend  in  MW-131  (Figure  3-27).  The  magnitude  of 
the  increase  for  MW-33S  is  estimated  to  be  between  0  and  42.5  ug/L  per  sampl¬ 
ing  period.  The  concentrations  of  TCE  in  MW-128  vary  greatly  and  thus  the 
estimated  change  per  sampling  period  has  a  wide  range  of  -200  to  -5500  ug/L. 
MW-131  has  only  been  sampled  nine  times  but  the  median  increase  estimate  for 
TCE  is  6.36  ug/L  per  sampling  period. 

MW-111  is  located  west  of  Area  C  and  shows  increasing  trends  for 
TCE,  total  1,2-DCE  and  1,2-DCA  (Figure  3-28).  The  concentrations  of  these 
analytes  are  in  the  range  of  less  than  2  ug/L  and  the  estimated  magnitude  of 
the  Increases  per  sampling  period  are  0.03  to  2.75  ug/L  for  TCE,  0  to  0.15 
ug/L  for  total  1,2-DCE  and  0  to  0.2  ug/L  for  1,2-DCA.  Yet  the  trends  are 
statistically  verified,  even  if  the  visual  appearance  for  1,2-DCA  Is  subtle. 
Located  in  the  same  cluster  is  a  middle  monitoring  zone  well,  MW- 113,  and  a 
deep  zone  "A"  monitoring  well,  MW- 112.  Neither  of  these  wells  contain  any  of 
the  key  analytes  at  detectable  concentrations. 

There  are  several  deep  zone  monitoring  wells  located  in  Area  C  that 
are  included  in  the  sampling  and  analysis  program.  Statistically  significant 
trends  were  found  for  only  one  monitoring  well.  A  slight  decreasing  trend  for 
1,1,1-TCA  and  a  slight  increasing  trend  for  total  1,2-DCE  is  evident  for 
MW- 130.  However,  if  the  uncertainty  associated  with  each  reported  concentra¬ 
tion  is  Included,  these  trends  are  not  statistically  significant.  There  are 
no  general  patterns  to  the  trends  for  wells  in  this  part  of  Area  C.  The  vast 
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majority  of  the  analytes  that  have  been  detected  In  deep  zone  monitoring  wells 
show  only  random  fluctuations  In  the  concentrations. 

South  of  Area  C,  MW-134,  a  deep  "A"  zone  monitoring  well,  has  an 
increasing  trend  for  total  1,2-DCE.  MW-134  was  sampled  for  the  first  time  in 
February  1988,  and  all  analytes  were  reported  as  not  detected  for  Method  8010. 
The  samples  taken  since  then,  however,  show  detectable  concentrations  of  TCE 
and  total  1,2-DCE.  There  is  an  increasing  trend  for  total  1,2-DCE,  of 
approximately  0.19  ug/L  per  sampling  period  (Figure  3-29).  MW- 135  and  MW-133 
are  located  in  the  same  well  cluster  as  MW-134  and  have  been  sampled  for  the 
same  length  of  time.  MW-135,  a  middle  zone  well,  contains  TCE,  total  1,2-DCE, 
chloroform  and  1,2-DCA,  but  no  contaminant  concentrations  show  any  trends. 
Contaminants  have  not  been  detected  in  MW-133,  which  is  screened  in  the  deep 
"B"  monitoring  zone. 

The  central  section  of  Area  C  shows  widespread  contamination  in  all 
groundwater  zones,  but  there  were  no  consistent  trends  that  would  indicate 
contaminant  movement  in  general  in  Area  C.  North  of  this  area,  MW-44S  shows 
an  increasing  trend  for  TCE  in  the  shallow  groundwater  zone.  In  the  southern 
section  of  Area  C,  MW-134  shows  an  upward  trend  for  total  1,2-DCE  in  the  deep 

"A"  monitoring  zone.  West  of  Area  C,  MW-111  shows  increasing  trends  for 

several  analytes  in  the  shallow  zone. 

3.3.5  DUcwgglgD 

The  hydrologic  and  analytical  data  for  Area  C  monitoring  and 

extraction  wells  presented  above  was  used  to  determine  groundwater  flow  rates 
and  apparent  movement  of  contaminants  over  time.  These  data  are  summarized 
below.  The  effects  of  che  extraction  system  in  Area  C  are  also  reviewed. 

Based  on  the  existing  hydrologic  and  ana  leal  data,  the  following 
observations  and  interpretations  can  be  made: 

e  Groundwater  flow  appears  to  be  generally  to  the  south,  and 

contaminant  migration  has  followed  the  groundwater  flow  path 
towards  Area  B; 
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•  The  presence  of  a  fine  grained  zone  at  -100  feet  msl  has  not 
prevented  downward  migration  of  contaminants.  This  may  be  due 
to  the  presence  of  more  permeable  coarse  grained  sediments 
within  the  fine  grain  zone,  which  allows  downward  transport  of 
contaminants ; 

e  Contamination  does  generally  decrease  in  extent  and  concen¬ 
tration  with  increasing  depth;  and 

e  The  effect  on  the  Area  C  extraction  system  on  the  groundwater 
flow  regime  cannot  be  evaluated  with  the  existing  groundwater 
monitoring  wells. 

During  the  first  three  quarters  of  1988  water  level  data  was  avail¬ 
able  for  calculating  gradients.  After  pumping  of  the  extraction  system  was 
begun,  the  configuration  of  the  monitoring  wells  was  not  suitable  for 
determining  gradients  towards  pumping  wells.  Gradients  were  calculated  for 
the  last  quarters  of  1985  and  1987,  and  the  first  three  quarters  in  1988  in 
the  shallow,  middle  and  deep  "A"  monitoring  zones.  Vertical  gradients  were 
also  calculated  for  specific  well  pairs  for  the  fourth  quarter  1987  and  for 
the  four  quarters  in  1988. 

A  range  of  groundwater  flow  rates  prior  to  pumping  of  the  extraction 

system  were  estimated  based  on  the  calculated  horizontal  gradients  from  July 

1988  water  level  data,  hydraulic  conductivity  values  determined  by  Radian 

(1987)  and  McLaren  (1986),  and  an  estimated  porosity  of  0.20.  The  hydraulic 

2 

conductivity  values  used  were  100  and  270  gpd/ft  .  The  calculated  groundwater 
velocities  range  from  0.06  to  0.36  ft/day.  Groundwater  velocities  after  the 
extraction  system  began  operating  cannot  be  estimated  because  of  the  lack  of 
water-level  data  needed  to  calculate  hydraulic  gradients. 

There  are  geophysical  data  for  some  of  the  monitoring  and  extraction 
wells  in  Area  C.  As  seen  on  the  cross  section  for  Area  C,  two  finer-grained 
zones  appear  to  be  fairly  continuous  at  depths  of  approximately  -100  feet  msl 
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and  -200  feet  msl.  These  finer-grained  zones,  however,  have  not  prevented 
downward  migration  of  contaminants  in  Area  C  and  south  of  Area  C.  As  dis¬ 
cussed  above,  contaminants  have  been  detected  in  the  middle,  deep  "A"  and  deep 
"B"  monitoring  zones.  Contamination  in  the  middle  and  deep  monitoring  zones 
appears  to  be  moving  along  a  more  narrow  plume  as  compared  to  the  shallow 
monitoring  zone.  Contaminants  have  been  detected  in  monitoring  wells  screened 
in  all  zones  directly  south  of  Sites  42  and  22,  but  contaminants  have  not  been 
detected  in  deep  "A"  zone  monitoring  wells  located  southeast  of  these  two 
sites  (MW-143,  MW-22D,  MW-138,and  HW-142).  There  is  contamination  of  the 
middle  and  deep  "A"  monitoring  zone  extending  as  far  south  as  well  cluster 
MW-135/MW-134/MW-133.  Trichloroethene  has  been  detected  in  one  of  the  four 
deep  "B"  zone  monitoring  wells  (MW-136)  and  in  EW-141. 

The  analytical  data  collected  from  the  groundwater  samples  in  Area  C 
indicate  that  there  is  a  wider  extent  of  contamination  in  the  shallow  monitor¬ 
ing  zone  than  the  other  monitoring  zones.  Shallow  zone  monitoring  wells  west 
of  Area  C  (MW- 114)  and  southeast  of  Area  C  (MW- 61)  have  consistently  shown 
detectable  concentrations  of  contaminants. 

There  is  no  consistent  increasing  or  decreasing  trends  in  any  of  the 
monitoring  zones  to  indicate  general  contaminant  movement.  There  does  appear 
to  be  increasing  contamination  south  of  Area  C  over  the  past  year  in  the  deep 
"A"  monitoring  zone  based  on  the  results  of  the  trend  analysis  for  total 
1,2-DCE  concentrations  in  MW-134.  Most  monitoring  wells  that  contained 
contaminants  during  the  first  quarter  of  1988  continue  to  show  concentrations 
of  contaminants  during  the  fourth  quarter  of  1988,  although  there  were  only  a 
few  concentration  trends  determined. 

Area  C  Extraction  System 

The  extraction  system  in  Area  C  consists  of  four  extraction  wells, 
two  that  are  screened  in  the  deep  "A"  zone,  one  that  is  screened  in  both  the 
middle  and  deep  "A"  monitoring  zones,  and  one  that  is  screened  in  the  deep  "B" 
zone.  The  effect  of  the  extraction  wells  on  local  flow  patterns  is  not 
apparent  on  po tent lome trie  maps  from  the  fourth  quarter  of  1988.  There  was 
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only  one  sampling  event  after  the  startup  of  the  extraction  system  in  1988  and 
the  effect  of  pumping  on  groundwater  quality  cannot  be  assessed  from  one  data 
set. 


Potentiometric  maps  were  generated  from  water  level  data  collected 
one  month  after  the  start  up  of  the  extraction  system  in  Area  C.  The  contours 
on  the  maps  for  the  shallow  and  middle  monitoring  zone  do  not  show  any  effect 
due  to  the  extraction.  The  deep  "A*  zone  potentiometric  map  shows  an 
indentation  of  the  -38  foot  contour  in  the  area  of  the  extraction  system. 
Based  on  this  one  set  of  data,  flow  does  appear  to  be  towards  the  extraction 
system.  There  is  a  limited  number  of  monitoring  wells  positioned  close  to  the 
extraction  system  to  determine  the  capture  zone  of  the  extraction  wells. 

There  are  no  appropriately  located  well  pairs  screened  in  the  same 
zone  as  any  of  the  four  extraction  wells.  Therefore,  horizontal  gradients 
cannot  be  calculated  for  these  zones.  There  is  one  well  pair  screened  in  deep 
"B"  monitoring  zone  and  located  radially  outward  from  EW-137  (which  is 
screened  in  the  deep  "A"  zone) .  The  horizontal  gradients  calculated  indicate 
a  flow  potential  away  from  EW-137  before  operation  of  the  extraction  system 
began,  and  a  flow  potential  towards  EW-137  after  the  extraction  system  startup 
(Table  3-13). 

The  potential  for  downward  flow  was  also  calculated  prior  to  and 
after  the  extraction  system  pumping  was  initiated  (Table  3-13).  Vertical 
gradients  calculated  at  two  well  clusters  indicate  a  downward  flow  potential 
from  the  shallow  to  the  middle ,  and  from  the  middle  to  the  deep  "A"  monitoring 
zones.  One  well  cluster  is  located  near  EW-144  (MW-128/MW-129/MW-130) .  The 
other  well  cluster  (MW-134/MW- 135)  is  located  approximately  800  feet  south  of 
EW-140  and  EW-141.  After  the  startup  of  the  extraction  system  there  was  a 
significant  increase  in  the  downward  flow  potential  between  the  middle  and 
deep  monitoring  zones  at  well  cluster  MW- 128/MW- 129/MW- 130.  There  was  no 
change  in  the  vertical  gradients  between  MW- 134/MW- 135 .  Because  there  are  no 
well  clusters  near  the  other  three  extraction  wells,  the  downward  flow  potent¬ 
ial  near  EW-137,  EW-140  and  EW-141  cannot  be  calculated. 
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There  are  analytical  data  froa  only  one  saapling  event  after  pumping 
of  the  extraction  system  was  begun.  Analytical  data  collected  prior  to  August 
1988  will  provide  a  baseline  against  which  any  future  changes  in  water  quality 
can  be  assessed. 

In  summary ,  the  regional  southerly  groundwater  flow  pattern  appears 
to  have  transported  contaminants  south  of  Area  C.  There  is  evidence  of  both 
horizontal  and  vertical  contaminant  migration  south  of  two  identified  sources, 
although  contaminant  levels  are  highest  in  the  shallow  shallow  monitoring 
zone.  The  effect  of  the  Area  C  extraction  system  cannot  be  evaluated  based  on 
data  from  the  existing  groundwater  monitoring  well  configuration  and  limited 
analytical  results.  Additional  piezometers  to  be  installed  as  part  of  the 
PGOURI  will  provide  potentiometric  data  to  evaluate  the  capture  zone. 

3.4  West  Area 

The  West  Area  is  an  off-base  area  located  west  of  Area  C.  The 
boundaries  of  the  West  Area  extend  west  from  the  base  boundary  to  Dry  Creek 
Road,  north  to  approximately  Vinci  Avenue  and  south  of  Grace  (Figure  3-1). 
There  are  7  monitoring  wells  located  in  the  West  Area  (Figure  3-30).  Four 
monitoring  wells  are  screened  in  the  shallow  monitoring  zone,  2  are  screened 
in  the  middle  monitoring  zone  and  1  is  screened  in  the  deep  monitoring  zone. 
Table  3-15  summarizes  Information  on  the  wells  located  in  the  West  Area. 

3-4-1  Potential  Sources  of  Groundwater  Contamination 

The  potential  sources  of  the  contaminants  may  be  located  on  base  or 
there  may  be  other  unknown  sources .  Groundwater  flow  patterns  in  the  past 
changed  with  certain  seasons.  During  high  demand  times  of  irrigation  (summer 
months),  flow  directions  were  from  the  east  to  the  west  (off  base). 
Otherwise,  they  were  to  the  south.  More  recently,  flow  patterns  show  a 
consistent  south  to  southeasterly  flow  path. 
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TABLE  3-15.  MONITORING  WELLS  IN  THE  WEST  AREA 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non-Network 

Wells 

Dry  Wells 

Total  Number 
of  Wells 

Shallow 

MW- 1017 
MW-1018a 
MW-1033 
MW-10363 

None 

None 

4 

Middle 

MW- 1032 
MW- 1034 

None 

None 

2 

Deep 

MW- 1035 

None 

None 

1 

Total  Numbers 

of  Wells 

7 

0 

0 

a  Samples  collected 

from  this 

well  have  contained 

TCE. 
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3.4.2 


Hvdrogeologlc  Data 


There  are  some  hydrogeologic  data  for  Che  VesC  Area,  but  because  Che 
conCaminaCion  problem  is  of  limiced  exCenC,  Chere  has  noc  been  an  emphasis  on 
obcaining  daCa  for  Chis  area.  The  liChologic  logs  for  Che  exiscing  moni Coring 
wells  have  been  described  in  general  Cerms  and  are  noc  very  reliable. 
GradienCs  have  been  calculaCed  from  waCer  level  daCa  for  Fourth  Quarter  1987 
and  for  Fourth  Quarter  1988.  As  shown  in  Table  3-16  horizontal  gradients  have 
increased  over  the  past  year  but  vertical  gradients  have  not  increased. 

3.4.3  Horizontal  and  Vertical  Distribution 

There  is  no  evidence  of  widespread  groundwater  contamination  in  the 
West  Area.  Results  of  sampling  of  private  residential  wells  and  subsequent 
sampling  of  monitoring  wells  show  low  levels  of  contamination,  less  than  2.0 
ug/L  (Table  3-17). 

Trichloroethene  has  been  detected  in  two  of  the  seven  monitoring 
wells  located  in  the  West  Area,  MW-1018  and  MW-1036.  TCE  concentrations  in 
these  two  shallow  zone  monitoring  wells  have  been  less  than  2.0  ug/L  (Figure 
3-31).  Tetrachlorethene  was  once  detected  in  October  1987  at  a  level  of  0.20 
ug/L  in  MW- 1034,  a  middle  zone  monitoring  well.  Trichloroethene  has  not  been 
detected  In  any  middle  or  deep  zone  monitoring  wells  in  this  area  (Figures 
3-32  and  3-33). 

3 .4  T«n4  ftralygU 

Trend  analysis  data  for  monitoring  wells  in  the  West  Area  are 
limiced  because  contaminants  have  not  been  detected  in  monitoring  wells  or 
have  been  inconsistently  detected.  A  decreasing  trend  for  TCE  concentration 
is  observed  in  MW-1036  (Figure  3-34).  The  concentrations  are  less  than  2.0 
ug/L  and  the  median  estimate  of  the  change  per  time  period  is  -0.09  ug/L. 
Total-1, 2-DCE  is  also  present  in  this  well  but  shovs  no  trend. 
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TABLE  3-16.  HORIZONTAL  AND  VERTICAL  GRADIENTS  FOR  SELECTED  MONITORING  WELLS 
LOCATED  IN  THE  WEST  AREA 


Well  Pair 

Monitoring 

Zone 

Head 

Distance  Difference 

(feet)  Feet 

Gradient 

Horizontal 

4Q 

1987 

4Q 

1988 

4Q 

1987 

4Q 

1988 

MW- 1018/MW- 1033 

Shallow 

2725 

3.61 

3.34 

7.0  ft/mile 

6.7  ft/mile 

MW- 1032/MW- 1034 

Middle 

2725 

3.16 

3.09 

6.1  ft/mile 

6.0  ft/mile 

Vertical 

MW- 1033/MW- 1034 

Shallow/ 

Middle 

52.5 

0.30 

0.37 

-0.01  ft/ft 

-0.01  ft/ft 

MW- 1034/MW- 1035 

Middle/ 

Deep 

59.6 

0.57 

0.60 

-0.01  ft/ft 

-0.01  ft/ft 

Note:  Negative  (- 

■)  gradient 

indicates 

downward  flow  potential. 

lstedfiatr/071189/HMM 


3-77 


TABLE  3-17.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES3  IN 
MONITORING  WELLS  LOCATED  IN  THE  WEST  AREA  FROM 
1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Minimum 

Maximum 

Monitoring 

Concentration 

Concentration 

Zone 

Analyte 

Detected 

Detected 

All  units 

are  ug/L 

Shallow 

1 , 1-Dichloroe thane 

0.35 

0.35 

Total  1 , 2-Dichloroethene 

0.11 

0.62 

Chloroform 

0.1 

0.17 

1 , 2 -Dichloroe thane 

0.12 

0.14 

Trichloroethene 

0.25 

1.7 

Middle 

Tetrachloroethene 

0.20 

0.20 

Deep  No  Key  Analytes  were  detected  in  this  zone 


The  10  key  analytes  and  associated  action  levels  are  given  in  the  table 
below. 


Key  Analyte 

DHS  Action 

Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1-Dichloroe thene 

6 

7 

1 , 1-Dichloroe thane 

20 

NE 

Total  1 , 2-Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2-Dichloroe thane 

1 

5 

1 , 1 , 1-Trichloroe thane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 

NE  -  Not  established. 
Units  are  ug/L. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  WEST  AREA  SHALLOW  MONITORING  WELLS 


MOST  REC 
IN  WEST  AREA 


MOST  RECENT  OCCURRENCE  OF  TCE 
IN  WEST  AREA  SHALLOW  MONfTORING  WELLS 
(OCTOBER  1988) 


Figure  3-31. 

Historical  &  Present 
Occurrence  of  TCE  in 
Shallow  Zone  Monitoring  Wells, 
West  Area. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  WEST  AREA  MIDDLE  MONITORING  WELLS 


most  recent  occurrence  of  tce 

in  WEST  AREA  MIDDLE  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-32. 

Historical  &  Present 
Occurrence  of  TCE  in 
Middle  Zone  Monitoring  Wells, 
West  Area. 
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HISTORICAL  OCCURRENCE  OF  TCE 
IN  WEST  AREA  DEEP  "A"  MONITORING  WELLS 


MOST  RECENT  OCCURRENCE  OF  TCE 
IN  WEST  AREA  DEEP  "A"  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-33. 


Occurrence  of  TCE  in 
Deep  "A"  Zone  Monitoring  Wells, 
West  Area. 
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Low  concentrations  of  contaminants  have  been  detected  in  two  shallow 
zone  monitoring  wells  in  the  West  Area.  Contaminant  levels  are  expected  to 
remain  low  or  decrease  because  groundwater  flow  is  from  the  West  Area  towards 
the  base,  and  most  identified  potential  sources  are  on-base.  An  increase  in 
contaminants  detected  in  monitoring  wells  located  in  the  West  Area  may 
indicate  an  off-base  source. 

3.5  Area  P  and  Adjacent  On-Base  Areas  and  the  Northwest  Area 

Area  D  is  located  in  the  northwestern  portion  of  the  base  (Figure 
3-1).  The  outer  boundary  of  Area  D  was  determined  by  CH2M  Hill  based  on  his¬ 
toric  waste  generation  and  disposal  activities  identified  during  record 
searches  conducted  in  1981.  Potential  release  locations  located  outside  of 
the  Area  D  boundary  are  referred  to  as  "Adjacent  On-Base  Areas  and  the 
Northwest  Area."  The  Northwest  Area  is  the  area  immediately  off-base,  due 
west  of  Area  D  (Figure  3-1). 

Industrial  activities  have  occurred  in  Area  D  since  the  late  1940s. 
Past  operations  have  included  burial  and  burning  of  waste  solvents,  disposal 
of  industrial  sludge,  burial  of  aircraft  engine  sodium  valves,  and  burial  of 
general  refuse  and  debris. 

Groundwater  contamination  was  first  detected  in  the  northwestern 
part  of  the  base  in  1979.  On  and  off-base  sampling  at  that  time  identified 
three  areas  of  TCE  contamination,  one  of  which  was  later  named  Area  D.  In 
1981,  CH2M  Hill  completed  the  IRP  Phase  I  records  search  which  identified  past 
disposal  sites  in  Area  D  and  ranked  them  in  order  of  priority  to  be  remedi¬ 
ated.  In  1983  Engineering  Science  completed  the  IRP  Phase  I  confirmation  of 
the  existence  and  extent  of  groundwater  contamination  in  Area  0.  In  1984  CH2M 
Hill  completed  the  site  characterization  study  of  Area  D  and  made  recommen¬ 
dations  for  a  containment  system.  In  1986  McLaren  Engineering  completed 
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construction  and  testing  of  the  Area  D  Extraction  System.  The  system  has  been 
on-line  since  March  1987  and  appears  to  be  effectively  preventing  groundwater 
flow  and  contaminant  migration  away  from  Area  D. 

There  are  28  monitoring  wells  and  6  extraction  wells  located  in  Area 
D  and  Adjacent  On-Base  areas.  Of  the  monitoring  wells,  22  are  currently 
included  in  the  McClellan  AFB  groundwater  monitoring  network.  There  are  22 
monitoring  wells  located  in  the  Northwest  Area,  and  of  these,  19  are  currently 
included  in  the  monitoring  well  network.  The  locations  of  these  wells  are 
shown  in  Figures  3-35  and  3-36. 

3.5.1  Potential  Sources  of  Groundwater  Contamination 

There  are  10  Confirmed  Sites,  2  PSPRLs,  and  1  UPRL  located  in  Area  D 
and  Adjacent  On-Base  Areas.  Appendix  A-4  summarizes  the  types  of  contaminants 
that  have  been  confirmed  or  are  suspected  to  have  been  used,  stored  and/or 
disposed  at  each  location.  Descriptions  presented  in  Appendix  A-4  are  based 
on  information  provided  by  previous  USAF  contractors  (CH2M  Hill,  1981; 
McLaren,  1986)  and  the  McClellan  AFB  Office  of  Environmental  Management. 

3.5.2  Hvdrogeologic  Data 

Soils  in  the  vicinity  of  Area  D  are  classified  as  sand,  silty  sand, 
and  low  plasticity  silt.  Moisture  contents  vary  from  5  to  42  percent, 
specific  gravities  range  from  2.61  to  2.70,  and  consistencies  vary  from 
moderately  dense  to  very  dense.  Soils  are  brown  to  red-brown  in  color,  and 
hardpan  is  present  at  a  depth  of  approximately  4  feet  in  many  parts  of  Area  D, 
especially  east  of  the  former  Magpie  Creek  Channel  (CH2M  Hill,  1985). 
According  to  the  USDA  (1986),  soils  in  the  southeast  portion  of  Area  D  are 
classified  as  San  Joaquin  Fine  Sandy  Loam  and  in  the  northwest  portion  as 
Xeralific  Arents.  These  were  described  in  Section  3.2.2. 

The  geologic  section  beneath  Area  D  is  depicted  in  Figure  3-37  and 
the  surface  trace  of  the  cross  section  is  shown  on  Figure  3-35.  The  section 


1STEDFIATR/1 10689/JLH 


3-84 


BW-27 

& 

MW-104 

a 


V  MW-52 

1  DmW-70  A 

MW- 11  A 

MW-58  V,  ww-53 
MW-380J  \  ^_830 

MW-54  AA  V  0V-73  0DN-82 

MW  — 76  *^P  1 

m.  MW-S5  MW-a^ 


O 

MW- 1002 


iJW-bll 
*-34' 
.  ' 

MW—  1 0  v 
MW— 56 

DV-85 
MVt-57  , 

mw-15t£ 

uw-sgcr 


o 

MW  —  1  3 

MW-90 

EW-96  O 

3  -3 

LMW-14 


MW-19S 

A 

MW- 190 


MW- 105 

c 


250  500 


SCALE  IN  FEET 


LEGEND: 

■  '  —  ■  McCMIan  AFB  Boundary 

/■ - s  Boundaries  of  Past  Disposal  / 

v. _ )  Storage  Sites 


1  Cross  Ssctlon  Locations 


Monitoring  Walls: 

O  Shallow  Zona 


a  Middle  Zona 


Olftar  Walls: 

0  Extraction  Wall 

41  Active  Water  Supply  Wall 


O  Deep  "A"  or  "B"  Zone  0  Inactive  Water  Supply  Well 
+  Dry  Wall 


Figure  3-35.  Wells  Located  in  Area  D  and  Adjacent  OrvBase  Areas. 


RW-8 


MW- 1010 

A 


MW- 1005 
O 


MW- 1009 
O 


MUMS# 

MW- 1028  0 


0  750  1500 

SCALE  IN  FEET 

CW- i 54 

& 

mw- 101 9 


MW- 1002 
O 


fo0°  o 


LEGEND: 

1  1  McCMIan  AFB  Boundary 

f  \  Boundaries  ol  Paal  Disposal  / 
_ _ '  Storage  Site* 

— — —  Croaa  Section  Locations 


Monitoring  Walls: 


Other  Walla: 


o 

Shadow  Zona 

0 

Extraction  Wail 

A 

Middle  Zona 

* 

A  diva  Wat  ar  Supply  Wall 

□ 

Deep  "A"  or  "B"  Zona 

a 

Inactlva  Water  Supply  Wall 

+ 

Ory  Wad 

Figure  3*36.  Wells  Locatsd  in  thg  Northwest  Area. 


3-86 


ELEVATION,  feet 


$  DHS  and  EPA  Action  Levels  equal  to  5ug/l 


traverses  Area  D  from  north  to  south  and  includes  three  of  the  six  wells  in 
the  Area  D  Extraction  System.  The  strata  appear  nearly  flat  lying  with  gentle 
south  dip  on  the  southern  end  of  the  section.  This  section  runs  approximately 
perpendicular  to  the  northeast -southwest  trending  paleo  stream  channels 
tentatively  identified  in  the  subsurface  of  this  area. 

As  shown  in  Figure  3-37,  the  geologic  section  consists  of  alter¬ 
nating  sands,  silts,  and  clayey  silts  of  the  Victor,  Fair  Oaks,  and  Laguna 
formations.  No  wells  in  Area  D  have  yet  been  drilled  deep  enough  to  penetrate 
the  Mehrten  Formation.  The  subsurface  stratigraphy  beneath  Area  D  appears 
distinct  from  that  of  Areas  A,  B,  and  C.  The  fine-grained  zone  which  occurs 
from  approximately  -40  to  -100  feet  msl  in  Areas  A,  B,  and  C  seems  to  be 
absent  in  Area  D.  In  addition,  more  of  the  clayey  silts  appear  to  be  locally 
correlative  and  persist  in  a  laterally  continuous  manner.  Based  on  this 
interpretation,  some  of  the  Area  D  subsurface  sediments  are  expected  to  have 
less  variation  in  texture,  porosity,  and  hydraulic  conductivity  than  sediments 
in  Area  A,  B,  and  C. 

There  are  50  monitoring  wells  in  Area  D,  Adjacent  On-Base  Areas,  and 
in  the  Northwest  Area.  Forty- two  are  network  wells  and  8  are  non-network 
wells.  Of  these,  22  wells  are  screened  in  the  shallow  monitoring  zone,  17  in 
the  middle  zone,  and  11  in  the  deep  zone.  Water  levels  were  measured  in  42  of 
these  wells  on  a  monthly  basis  from  January  through  September  1988,  at  which 
time  measurement  frequency  was  switched  to  quarterly.  The  eight  wells  in 
which  water  levels  were  not  measured  are  non-network  wells  with  extensive 
gravel  packs  or  screen  Intervals  in  more  than  one  monitoring  zone.  (Tables 
3-18  and  3-19). 

Potentiometrlc  surface  maps  produced  from  water  levels  measured  on 
29  and  30  September  1988  for  the  shallow,  middle,  and  deep  monitoring  zones 
are  shown  on  Plates  2,  3  and  4.  These  maps  clearly  shov  the  influence  of  the 
Area  D  extraction  system.  In  the  shallow  and  middle  monitoring  zones  there  is 
a  well  defined  cone  of  depression  indicating  a  radial  flow  pattern  toward  the 
extraction  wells.  In  the  deep  zone,  data  are  sparse  but  suggest  that  flow  is 
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TABLE  3-18.  MONITORING  WELLS  IN  AREA  D  AND  ADJACENT  ON-BASE  AREAS 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non-Network 

Wells 

Dry  Wellsa 

Abandoned 

(Grouted) 

Total  Number 
of  Wells 

Shallow 

MW-103 

MW-lla 

MW-123 

MW-14a 

MW-15a 

MW-887 

MW-89b 

MW-90b 

MW-913 

MW-92a 

MW-13C 

MW-56 

None 

19-Sa 

13 

Middle 

MW-52a 

MW-53a 

MW-54® 

MW-55S 

MW-57S 

MW-70a 

MW-723 

MW-19Db 

MW- 38Da 

None 

None 

9 

Deep 

MW-51 

MW-58a 

MW-59a 

MW- 104 
MW-105 

MW- 1° 

None 

None 

6 

Total  Number 

of  Wells 

22 

5 

0 

1 

28 

Samples  collected  from  these  wells  have  contained  TCE. 
Well  contained  one  of  the  10  key  analytes  other  than  TCE. 
Well  has  been  abandoned  or  destroyed. 
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TABLE  3-19.  MONITORING  WELLS  IN  THE  NORTHWEST  AREA 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non-Network 

Wells 

Dry  Wells 

Total  Number 
of  Wells 

Shallow 

MW-1002a 

MW-10043 

MW-1005a 

MW- 1009 

MW-1019a 

MW-1026 

MW-1029a 

MW-10413 

MW-1008C 

None 

9 

Middle 

MW-74a 

MW-763 

MW- 1003° 

MW- 1010 

MW- 1027 

MW- 1030 
MW-1042a 

MW-1007C 

None 

8 

Deep 

MW- 1001 

MW- 1028 

MW- 1031 

MW- 1043 

MW-1006C 

None 

5 

Total  Number 
of  Wells 

19 

3 

0 

22 

Samples  collected  from  these  wells  have  contained  TCE. 

15  Well  contained  one  of  the  10  key  analytes  other  than  TCE. 

c 

Well  selected  for  abandonment  (destruction) . 


ANUALTEC/040489/HMM 


3-90 


southeast  from  off-base  to  on-base.  Prior  to  operation  of  the  Area  D  extrac¬ 
tion  system,  groundwater  flow,  and  contaminant  migration  was  to  the  south - 
southwest  and  seasonally  to  the  west-northwest. 

In  designing  the  Area  D  extraction  system,  McLaren  Engineering 
specified  certain  well  pairs  to  be  used  in  calculating  head  differences  and 
horizontal  gradients.  These  well  pairs  were  selected  based  on  availability 
and  their  locations  relative  to  the  extraction  wells.  Table  3-20  presents  the 
well  pairs,  calculated  head  differences,  and  gradients.  Water-level  data  from 
the  October  through  December  1988  Data  Summary  were  used  to  calculate  these 
parameters . 

3.5.3  Contaminant  Distribution 

Fifty  monitoring  wells  located  in  Area  D,  Adjacent  On-Base  Areas, 
and  the  Northwest  Area  have  been  sampled  by  Radian  or  other  USAF  contractors 
at  least  once  since  1981.  Samples  collected  from  35  of  these  wells  have 
contained  one  of  the  ten  key  analytes  at  a  concentration  greater  than  the 
detection  limit.  Ranges  of  detected  concentrations  from  1985  through  1988  are 
shown  in  Tables  3-21  and  3-22. 

Within  Area  D  and  the  Adjacent  On-Base  Area  all  shallow  zone 
monitoring  wells  have  contained  a  detectable  concentration  of  one  of  the  ten 
key  analytes  during  their  sampling  history.  This  is  shown  in  Figure  3-38 
which  depicts  the  historical  occurrence  of  TCE  as  compared  to  the  current 
occurrence  (October  through  December  1988  sampling  period) .  Monitoring  wells 
MW-88,  MW-89,  and  MW-90,  all  of  which  are  located  on  the  eastern  edge  of  the 
Area  D  wellfield,  did  not  contain  TCE  during  the  last  sampling  period. 
However,  samples  from  all  three  wells  did  contain  1,1-DCE  which  is  one  of  the 
ten  key  analytes.  Within  the  Northwest  Area,  all  shallow  zone  monitoring 
wells  except  two  (MW-1009  and  MW-1026)  have  contained  detectable  concen¬ 
trations  of  TCE  during  their  sampling  history  (Figure  3-39).  These  two  moni¬ 
toring  wells  located  due  north  and  northeast  of  Area  D  have  never  contained 
contaminants.  Based  on  known  groundwater  flow  directions  in  the  past,  these 
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Well  Pair 

Monitoring 

Zone 

Horizontal 

Distance 

(feet) 

Head 

Difference 

(feet) 

Gradient 

(feet/feet) 

Gradient 

(feet/mili 

MW- 54/MW- 76 

Middle 

144 

0.83 

0.006 

30.43 

MW-72/MW-74 

Middle 

122 

0.32 

0.0026 

13.85 

MW-88/MW-89 

Shallow 

257 

0.97 

0.0038 

19.87 

MW-88/MW-90 

Shallow 

300 

1.46 

0 . 0049 

25.64 

MW-91/MW-92 

Shallow 

132 

0.35 

0.0027 

14.00 
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TABLE  3-21.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES  a 

IN  MONITORING  WELLS  LOCATED  IN  AREA  D  AND  ADJACENT  ON-BASE  AREAS 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Monitoring 

Zone 

Analyte 

Minimum 

Concentration 

Detected 

Maximum 

Concentration 

Detected 

All  units 

are  ug/L 

Shallow 

Vinyl  chloride 

1.4 

400 

1 , 1-Dichloroethene 

0.21 

64300 

1 , 1-Dichloroethane 

0.19 

3560 

Total  1 , 2 -Dichloroethene 

0.12 

460 

Chloroform 

1.6 

2320 

1 , 2 -Dichloroethane 

5.6 

2790 

1,1, 1 -Trichloroe thane 

0.17 

22800 

Trichloroethene 

2.6 

26600 

Tetrachloroethene 

2.4 

2480 

Middle 

Vinyl  chloride 

0.34 

2230 

1 , 1-Dichloroethene 

0.25 

11500 

1 , 1-Dichloroethane 

0.39 

4430 

Total  1 , 2-Dichloroethene 

0.62 

7020 

Chloroform 

0.57 

3.2 

1 , 2-Dichloroe thane 

0.16 

300 

1,1, 1-Trichloroethane 

0.22 

1870 

Trichloroethene 

0.32 

1200 

Tetrachloroethene 

0.16 

260 

Deep 

Vinyl  chloride 

1.3 

1.3 

1 , 1-Dichloroethene 

0.14 

270 

1 , 1-Dichloroethane 

0.13 

2.0 

Total  1 , 2 -Dichloroethene 

0.15 

2.6 

Chloroform 

0.85 

0.85 

1,1, 1-Trichloroethane 

0.21 

19 

Trichloroethene 

0.23 

290 

Tetrachloroethene 

0.10 

0.10 

a  The  10  key  analytes  and  associated  action  levels  are  given  in  the  table  below. 


Key  Analyte 

DHS  Action 
Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1-Dichloroethene 

6 

7 

1 , 1-Dichloroethane 

20 

NE 

Total  l , 2-Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2 -Dichloroethane 

1 

5 

1,1, 1-Trichloroethane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 

NE  -  not  established. 
All  unit  are  ug/L. 
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TABLE  3-22.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES  a 
IN  MONITORING  WELLS  LOCATED  IN  THE  NORTHWEST  AREA 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Monitoring 

Zone 

Analyte 

Minimum 

Concentration 

Detected 

Maximum 

Concentration 

Detected 

All  units 

are  ug/L 

Shallow 

Vinyl  chloride 

0.41 

0.43 

1 , 1 -Dichloroethene 

0.10 

280 

1 , 1-Dichloroethane 

0.4 

41 

Total  1 , 2 -Dichloroethene 

0.1 

43 

Chlorofo rm 

0.10 

2.8 

1 , 2-Dichloroethane 

0.13 

14 

1,1, 1-Trichloroethane 

0.2 

16 

Trichloroethene 

0.25 

100 

Tetrachloroethene 

0.1 

1.2 

Middle 

Vinyl  chloride 

1.4 

1.4 

1 , 1- Dichloroethene 

0.16 

200 

1 , 1-Dichloroethane 

0.21 

16 

Total  1 , 2-Dichloroethene 

0.24 

28 

1 , 2-Dichloroethane 

0.20 

1.4 

1,1,1- Trichloroethane 

0.61 

0.61 

Carbon  tetrachloride 

0.2 

0.2 

Trichloroethene 

0.41 

8.3 

Tetrachloroethene 

0.14 

0.14 

Deep 

No  Key  Analytes  were  detected 

in  this  zone 

a  The  10  key  analytes  and  associated  action  levels  are  given  in  the  table  below. 


Key  Analyte 

DHS  Action 
Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1- Dichloroethene 

6 

7 

1 , 1-Dichloroethane 

20 

NE 

Total  1, 2-Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2-Dichloroethane 

1 

5 

1 , 1 , 1-Trichloroethane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 

NE  -  not  established. 
AH  unit  are  ug/L. 
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MOST  RECENT  OCCURRENCE  OF  TCE 
IN  AREA  D  SHALLOW  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-38. 

Historical  &  Present 
Occurrence  of  TCE  in 
Shallow  Zone  Monitoring  Wells, 
Area  D  &  Adjacent  On-Base  Areas. 
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MOST  RECENT  OCCURRENCE  OF  TCE 
IN  NORTHWEST  AREA  SHALLOW  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-39. 

Historical  &  Present 
Occurrence  of  TCE  in 
Shallow  Zone  Monitoring  Wells, 
Northwest  Area. 
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wells  have  always  been  located  upgradlent  of  confirmed  sources  In  Area  D. 
Figure  3-39  shows  that  In  the  Northwest  Area  samples  from  one  additional  well, 
MW- 1041,  no  longer  contain  TCE. 

Within  Area  D  and  the  Adjacent  On-Base  Areas  all  middle  zone 
monitoring  wells  have  also  contained  detectable  concentrations  of  one  of  the 
10  key  analytes  during  their  sampling  history.  Figure  3-40  compares  the 
historical  to  current  occurrence  of  TCE  for  these  wells.  MW-19D,  located  on 
the  southeast  edge  of  the  Area  0  wellfield  has  never  contained  TCE  but  did 
once  contain  0.25  ug/1  of  1,1 -DCE  in  April  1988.  Within  the  Northwest  Area 
approximately  half  of  the  middle  zone  monitoring  wells  have  contained  a 
detectable  concentration  of  TCE  or  1,1-DCE  (MW-1003)  during  their  sampling 
history  (Figure  3-41). 

Within  Area  D  and  the  Adjacent  On-Base  Areas  approximately  two 
thirds  of  the  deep  monitoring  zone  wells  have  contained  detectable  concentra¬ 
tions  of  contaminants.  Figure  3-42  compares  the  historical  to  current  occur¬ 
rence  of  TCE.  Samples  from  MW-105  located  approximately  1000  feet  northeast 
of  the  Area  D  wellfield,  have  never  contained  TCE,  but  0.31  ug/L  of  1,1,1-TCA 
was  once  detected  in  October  of  1987.  Within  the  Northwest  Area  no  samples 
from  deep  zone  monitoring  wells  have  contained  contaminants  (Figure  3-43). 
The  highest  levels  of  TCE  in  the  deep  monitoring  zone  were  detected  in  MW- 59, 
the  most  southerly  (downgradient)  of  the  deep  zone  monitoring  wells.  Since 
the  operation  of  the  extraction  system,  TCE  concentrations  in  the  deep  zone 
monitoring  wells  have  decreased  to  below  state  and  federal  drinking  water 
standards . 

3.5.4  Trend  Analysis 

Several  shallow  zone  monitoring  wells  in  the  vicinity  of  Area  D  show 
significant  decreasing  trends  for  a  number  of  analytes  during  the  period  that 
the  extraction  system  has  been  operational.  Within  Ares  D,  MW- 91  shows  a 
decreasing  trend  for  1,1-DCE  (Figure  3-44).  In  the  Northwest  Area  KW-1002', 
MW- 1004  and  MW- 1005  show  decreasing  trends  for  a  number  of  analytes  (Figures 
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MOST  RECENT  OCCURRENCE  OF  TCE 
IN  NORTHWEST  AREA  MIDDLE  MONITORING  WELLS 
(OCTOBER  1988) 


Figure  3-41. 

Historical  &  Present 
Occurrence  of  TCE  in 
Middle  Zone  Monitoring  Wells, 
Northwest  Area. 
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Figure  3-44.  Time  Series  Plots  (or  MW-91  and  MW-1002 
(Area  D  and  Northwest  Area). 


3-44,  3-45  and  3-46).  Table  3-23  shows  the  analytes  and  the  magnitude  of  the 
trends.  The  magnitude  of  the  trend  is  only  a  median  estimate  of  the  decrease 
per  sampling  period  and  can  be  used  as  an  indication  of  the  steepness  of  the 
trend.  It  should  not  be  interpreted  as  an  expected  or  constant  decrease  since 
the  decreases  are  not  linear.  As  can  be  seen  from  the  time  series  plots,  for 
most  of  these  wells  the  decrease  was  very  rapid  during  the  third  and  fourth 
sampling  periods  of  1987  and  is  progressively  leveling  off.  Other  indicators 
of  the  total  amount  of  the  decrease  are  the  absolute  decrease  over  the  samp¬ 
ling  history  of  the  well  and  the  percentage  decrease.  These  quantities  are 
also  shown  in  Table  3-23. 

There  are  several  shallow  zone  monitoring  wells  that  do  not  show 
significant  trends.  These  wells  are  located  close  to  identified  sources  and 
are  not  expected  to  show  rapid  decreases  in  contaminant  concentrations. 
Samples  from  MW-10,  MW-11,  MW-12,  MW-14  and  MW-15  have  been  collected  three 
times  since  April  of  1988.  None  of  the  analytes  detected  in  these  wells  show 
statistically  significant  trends  at  this  time.  However,  a  qualitative  com¬ 
parison  between  the  1985  concentration  levels  and  the  current  reported  concen¬ 
trations  shows  a  downward  shift  in  concentrations  for  most  analytes  (Figure 
3-47).  For  example,  TCE  concentrations  are  down  by  a  factor  of  at  least  four 
for  all  of  these  wells  except  MW-10.  Similar  results  hold  for  1,1-DCE  and 
1,1,1,TCA.  These  wells  should  be  re-evaluated  when  more  data  are  available. 

One  increasing  trend  appears  in  the  shallow  zone  monitoring  well 
MU-89  (Figure  3-48).  This  well  shows  an  increasing  trend  for  1,1-DCE  at  the 
rate  of  approximately  0.25  ug/L  per  sampling  period.  1,1-DCE  was  first 
detected  in  January  1988  at  a  level  of  0.75  ug/L  and  has  increased  to  a  level 
of  2.5  ug/L.  Another  slightly  increasing  trend  in  total  1,2-DCE  was  observed 
but  not  statistically  verified  for  MW-1019,  located  in  the  Northwest  area. 

In  the  middle  groundwater  zone,  analytical  data  for  MW- 54  and  MW- 55 
show  decreasing  trends  as  shown  in  Table  3-22  and  Figures  3-49  and  3-50.  One 
well,  MW- 53,  has  an  Increasing  trend  for  1,1-DCE  which  was  first  detected  in 
this  well  in  July  1987.  The  median  Increase  is  estimated  to  be  1.39  ug/L. 
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uiuei  laiut)  id  concentration  values  (in  percent)  for  that  analyte. 
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Figure  3-46.  Time  Series  Plots  for  MW- 1005  (Northwest  Area). 
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Figure  3-48.  Time  Series  Plots  for  MW-89  (Area  D  and  Adjacent  On-Base  Areas). 


T»tt£  3-23.  AREA  0  AND  NORTHWEST  AREA  MONITORING  WELLS  WITH  DECREASING  TRENDS  IN  CONCENTRAT 
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Figure  3-50.  Time  Series  Plots  for  MW-55  (Area  D  and  Adjacent  On-Base  Areas). 


Successive  samplings  since  that  time  have  also  shown  the  presence  of 

1.1.1- TCA,  TCE  and  PCE.  In  the  Northwest  Area,  MW-74  and  MW-76  were  sampled 
three  times  each  in  1988.  These  three  data  points  are  not  adequate  to 
establish  a  trend  at  the  90  percent  confidence  level. 

In  the  deep  groundwater  zone,  MW-59  shows  decreasing  trends  for  TCE, 

1.1- DCE  and  1,1,1-TCA  (Figure  3-51).  MW-58  is  the  only  other  deep  zone 
monitoring  well  that  has  contained  detectable  levels  of  the  key  analytes . 
There  have  been  low  levels  of  TCE,  1,1-DCE  and  1,1,1-TCA  detected  sporadically 
in  the  past  in  MW- 58,  but  no  analytes  were  detected  in  the  October  1988 
samples . 


Decreasing  contaminant  concentration  trends  are  detected  in  several 
Area  D  wells  in  the  shallow,  middle,  and  deep  "A”  zones.  The  only  exceptions 
are  MW-89  (shallow  monitoring  zone)  and  MW-53  (middle  monitoring  zone).  In 
the  Northwest  Area,  those  wells  close  to  the  Area  D  boundary  also  show  de¬ 
creasing  trends. 

3.5.5  Discussion 

In  Area  D  and  the  Northwest  Area,  there  is  a  large  data  base  of 
hydrologic  information  and  analytical  results.  Based  on  the  potentiometric 
surface  maps  and  analytical  data  the  following  observations  and 
interpretations  can  be  made: 

•  The  Area  D  extraction  system  appears  to  be  a  significant  factor 
in  determining  groundwater  flow  directions  and  contaminant 
movment; 

•  Contaminant  concentrations  in  several  off-base  shallow  zone 
monitoring  wells  located  just  west  of  Area  D  show  decreasing 
trends,  indicating  that  contaminants  are  no  longer  moving  from 

on-base  areas  to  off  base  areas; 
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•  The  Halted  analytical  reaults  from  two  deep  zone  monitoring 
wells  within  Area  D  indicate  that  TCE  concentrations  have 
decreased  to  low  levels  (<1.0  ug/L) .  This  may  indicate  that 
the  extraction  system  wells  (screened  in  the  shallow  and  middle 
monitoring  zones)  are  also  affecting  downward  migration  of 
contaminants ;  and 

•  Contamination  in  Area  D  now  generally  appears  to  be  limited  to 
the  shallow  and  middle  monitoring  zones,  based  on  information 
from  the  existing  monitoring  wells. 

As  previously  stated,  prior  to  the  operation  of  the  Area  D  extrac¬ 
tion  system,  groundwater  flow  and  contaminant  migration  was  seasonally  to  the 
west-northwest.  Since  1987  local  groundwater  flow  has  been  towards  the  six 
extraction  wells.  In  order  to  estimate  the  rate  of  horizontal  groundwater 
movement  towards  the  extraction  wells,  a  modified  form  of  Darcy’s  Law  can  be 
used:  q  -  Ki/n.  These  terms  have  been  defined  in  Section  3.1.4. 

Two  aquifer  tests  have  been  performed  in  Area  D,  one  by  CH2M  Hill  in 

1984  and  one  by  McLaren  Engineering  in  1986.  Data  from  the  CH2M  Hill  test  for 

the  middle  monitoring  zone  were  used  to  calculate  a  range  of  horizontal 

groundwater  velocities  within  the  sphere  of  influence  of  the  Area  D  extraction 

system.  Using  the  transmissivity  determined  by  by  CH2M  Hill  and  an  average 

2 

test  zone  thickness  of  16  feet,  a  hydraulic  conductivity  value  of  315  gpd/ft 
was  obtained.  Horizontal  hydraulic  gradients  for  the  shallow  and  middle 
monitoring  zones  in  Area  D  range  from  0.0022  to  0.013  (Table  3-24).  Effective 
porosity  values  have  not  been  determined  but  can  be  estimated  to  range  from  15 
to  25  percent  for  the  types  of  aquifer  materials  present  beneath  Area  D 
(Freeze  and  Cherry,  1979).  Based  on  these  parameters,  the  estimated  ground- 
water  flow  rate  towards  the  Area  D  extraction  system  ranges  from  0.62  to  3.6 
feet/day.  The  higher  velocity  of  3.6  feet/day  was  calculated  using  a  gradient 
between  a  well  pair  near  EU-73  (MU- 54  6i  MU-76).  EU-73  is  pumped  at  a  rate 

approximately  double  that  of  the  other  five  extraction  wells,  and  the  gradient 
probably  reflects  that  higher  pumping  rate. 
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TABLE  3-24.  MONITORING  WELLS  LOCATED  IN  OTHER  ON-BASE  AREAS 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non-Network 

Wells 

Dry  Wells3 

Abandoned 

(Grouted) 

Total  Number 
of  Wells 

Shallow 

MW-31S 

MW-16S 

MW-17S 

MW-24S 

17 

MW- 101 

MW-18S3 

MW-29S 

MW-30S 

MW- 102 

MW-43S 

MW-42S3 

MW- 106 

MW-49S 

MW-47S 

MW- 116 

MW-48S 

MW-  50 

Middle 

MW-17D3 

MW-18D 

MW-24D 

MW-29D 

MW- 100 

MW- 103 

MW-16D3 

None 

7 

Deep 

None 

MW- 3 

MW-4 

None 

2 

Total  Number 
of  Wells 

11 

7 

2 

6 

26 

3  Samples  collected  from  this  well  have  contained  TCE. 
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Apparent  Migration 

Based  on  previous  discussions  of  contaminant  distribution  and  trend 
analysis,  several  observations  on  apparent  contaminant  migration  can  be 
presented  for  Area  D,  Adjacent  On-Base  Areas,  and  the  Northwest  Area. 
Historically,  contaminants  appear  to  have  migrated  south-southwest  and 
west-northwest  away  from  Area  D  with  the  groundwater  flow.  This  is  apparent 
because  samples  from  upgradient  monitoring  wells  due  north,  northeast,  and 
east  of  the  Area  0  wellfield  and  historical  disposal  sites  have  never 
contained  TCE.  East  and  southeast  of  the  wellfield,  1,1-DCE  has  been  detected 
in  MW-19D,  HW-88,  MU-89,  and  MU-90.  The  possibility  exists  that  there  is  an 
undiscovered  site  to  the  east  of  these  wells  which  released  contaminants  other 
than  TCE  or  that  TCE  degradation  has  occurred.  1,1-DCE  occurs  as  a  daughter 
product  of  TCE  degradation.  The  presence  of  vinyl  chloride  in  several  Area  D 
wells  supports  the  idea  that  TCE  degradation  is  occurring  in  this  area.  Vinyl 
chloride,  also  a  daughter  product  of  TCE  degradation,  has  been  detected  in 
several  Area  D  wells  and  was  reportedly  not  used  in  base  activities . 

Finally,  the  presence  of  TCE  in  shallow  zones  wells,  MU-1029  and 
MU-1019,  suggest  that  horizontal  flow  was  the  dominant  flow  component  away 
from  Area  D  before  the  extraction  system  began  operating.  MU- 1029  is  part  of 
a  three  well  cluster,  MU- 1029/1030/1031 ,  and  is  located  approximately  3,750 
feet  west  of  Area  D.  Contaminants  have  never  been  detected  in  samples  from 
the  middle  and  deep  zone  wells  in  this  cluster.  MU- 1019,  is  located  6,250 
feet  west  of  Area  D.  In  addition  to  low  levels  of  TCE,  this  well  has  even 
shown  a  slight  increasing  trend  at  low  levels  (less  than  1  ug/L)  for  Total 
1,2-DCE. 


Evaluation  of  the  Area  D  Extraction  System 

The  Area  D  extraction  system  was  completed  by  McLaren  Engineering  in 
1986.  The  system  was  initially  tested  in  December  1986  and  became  fully 
operational  in  March  1987.  The  system  consists  of  six  wells  screened  from  -40 
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to  160  feet  below  ground  surface  which  pump  continuously  at  a  cumulative  rate 
of  approximately  80  gpm .  The  extracted  water  is  pumped  via  an  above  ground 
pipeline  to  the  Groundwater  Treatment  Plant  (GTP)  where  the  water  is  treated 
to  remove  volatile  organic  contaminants.  A  synthetic  liner  and  clay  cap  have 
been  installed  over  the  area  of  Identified  soil  contamination  to  prevent 
further  leaching  of  contaminants  towards  the  water  table. 

The  purpose  of  the  extraction  system  is  to  isolate  and  contain 
groundwater  contaminants  within  Area  D  (McLaren  Environmental  Engineering, 
1987).  To  accomplish  this  goal,  McLaren  recommended  that  the  effectiveness  of 
the  extraction  system  be  based  on  the  evaluation  of  gradient  controls  between 
specific  pairs  of  wells.  The  specified  gradients  were  based  on  head  differ¬ 
ences  of  0.2  feet  between  the  well  pairs.  McLaren  also  recommended  pumping  at 
the  minimum  flow  rate  of  78  gpm,  which  would  result  in  a  3-foot  drawdown  in 
the  monitoring  wells  after  one  year  of  pumping.  McLaren  specified  the  78  gpm 
flow  rate  to  minimize  the  decline  of  groundwater  levels,  and  to  prolong  the 
usefulness  of  the  extraction  system. 

The  potentiometrlc  surface  maps  now  clearly  show  that  the  extraction 
system  is  working  properly  to  isolate  and  contain  contaminants  within  Area  D 
(Plates  2,  3,  and  4).  The  well  developed  cones  of  depression  in  the  shallow 
and  middle  zones  show  that  groundwater  flow  is  toward  the  extraction  system 
and  is  causing  contaminated  groundwater  to  be  drawn  from  the  off-base  area 
toward  the  extraction  system.  Based  on  the  most  recent  potentiometrlc  map, 
there  is  no  evidence  of  a  cone  of  depression  in  the  deep  monitoring  zone,  and 
the  maps  show  that  flow  is  toward  the  southeast  from  off-base  to  on-base. 

Veter  quality  data  presented  for  Area  D  in  discussions  on 
contaminant  distribution  and  trend  analyses  also  support  the  conclusion  that 
the  extraction  system  is  working  effectively.  Decreasing  trends  in 
contaminants  have  been  statistically  confirmed  in  seven  wells  within  Area  D 
and  to  the  west  just  off  base.  In  the  shallow  zone,  there  are  four  wells  with 
decreasing  trends,  In  the  middle  zone  there  are  two,  and  in  the  deep  zone 
there  Is  one  well  with  a  decreasing  trend. 
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3.6 


Other  On-Base  Areas 


Other  On-Base  Areas  encompass  all  other  areas  that  are  not  Included 
in  Areas  A,  B,  C,  and  D.  The  four  designated  areas  are  located  along  the 
western  and  southern  boundaries  of  the  base  while  Other  On-Base  Areas  mainly 
include  areas  in  the  northern  and  eastern  portions  of  the  base.  Vithin  Other 
On-Base  Areas  there  are  locations  that  may  be  sources  of  groundwater  contami¬ 
nation.  Two  confirmed  sites,  3  PSPRLs  and  13  UPRLs  have  been  identified  in 
Other  On-Base  Areas.  These  consist  of  open  ditches,  landfills,  aircraft 
maintenance  hangers  and  underground  storage  tanks. 

There  are  26  monitoring  wells  located  in  Other  On-Base  Areas.  These 
include  11  network  monitoring  wells,  7  non-network  monitoring  wells,  and  8 
wells  that  are  now  dry.  All  of  the  monitoring  wells  that  are  part  of  the 
Sampling  and  Analysis  program  are  screened  in  the  shallow  and  middle  monitor¬ 
ing  zones  (Table  3-24).  The  two  non-network  monitoring  wells  in  the  deep  zone 
have  been  scheduled  to  be  abandoned  (destroyed) . 

Contaminants  have  been  detected  in  three  wells  in  Other  On-Base 
Areas  but  only  at  low  levels  of  less  than  1.5  ug/L  and  at  irregularly  spaced 
sampling  intervals  (Table  3-25).  Two  of  the  wells  are  screened  in  the  shallow 
monitoring  zone  (MV-18S  and  MV-42S)  and  one  well  is  screened  in  the  middle 
monitoring  zone  (MW-17D).  These  three  wells  are  located  in  widely  separated 
areas  of  the  base.  MW-18S  is  located  approximately  3500  feet  east  of  Area  D, 
MW-42S  is  located  at  the  southern  tip  of  the  base,  and  MW-17D  is  located  at 
the  northern  tip  of  the  base. 

3.7  Northeast  Area 

The  Northeast  Area  is  located  east  of  the  northern  portion  of  the 
base.  This  area  is  considered  to  be  upgradlent  of  the  base,  with  groundwater 
flow  generally  to  the  south- southeast.  There  are  only  two  monitoring  wells 
located  in  the  Northeast  Area  (Table  3-26).  One  is  screened  in  the  shallow 
monitoring  zone  (MU- 1012)  and  the  other  is  screened  in  the  deep  monitoring 
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TABLE  3-25.  RANGES  OF  DETECTABLE  CONCENTRATIONS  FOR  KEY  ANALYTES a 
IN  MONITORING  WELLS  LOCATED  IN  OTHER  ON-BASE  AREAS 
FROM  1985  TO  1988,  McCLELLAN  AFB 


Groundwater 

Minimum 

Maximum 

Monitoring 

Concentration 

Concentration 

Zone 

Analyte 

Detected 

Detected 

All  units 

are  ug/L 

Shallow 

1 , 1-Dlchloroe thane 

0.2 

1.1 

Chloroform 

0.1 

0.12 

Trichloroethene 

0.7 

1.1 

Tetrachloroethene 

0.12 

0.47 

Middle 

1 , 1-Dichloroethene 

0.32 

0.32 

1 , 1-Dichloroe thane 

0.13 

0.13 

Total  1,2-Dichloroethene 

0.22 

0.22 

Chloroform 

0.10 

0.4 

1 , 2-Dichloroethane 

0.33 

0.33 

Trichloroethene 

0.39 

0.39 

Deep 

No  Wells  Have  Been  Sampled  in  This  Zone 

The  10  key  analytes  and  associated  action 

levels  are  given  in  the  table 

below. 

Key  Analyte 

DHS  Action 

Level 

EPA  Primary 
MCL 

Vinyl  Chloride 

2 

1 

1 , 1-Dichloroethene 

6 

7 

1 , 1-Dichloroe thane 

20 

NE 

Total  1,2-Dichloroethene 

16 

NE 

Chloroform 

100 

100 

1 , 2-Dichloroethane 

1 

5 

1,1, 1-Trichloroe thane 

200 

200 

Carbon  Tetrachloride 

5 

5 

Trichloroethene 

5 

5 

Tetrachloroethene 

4 

NE 

NE  -  Not  established. 
Units  are  ug/L. 


TABLE  3-26.  MONITORING  WELLS  LOCATED  IN  THE  NORTHEAST  AREA 

GROUNDWATER  SAMPLING  AND  ANALYSIS  PROGRAM,  ANNUAL 
TECHNICAL  REPORT  (JAN  -  DEC  1988) 


Groundwater 

Monitoring 

Zone 

Network 

Wells 

Non-Network 

Wells 

Dry  Wells 

Total  Number 
of  Wells 

Shallow 

MW-1012 

None 

None 

1 

Middle 

None 

None 

None 

0 

Deep 

MW- 1040 

None 

None 

1 

Total  Number 
of  Wells 

2 

0 

0 

2 
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ron*  (MW- 1040).  Both  wall*  are  included  in  the  groundwater  monitoring 
network.  Levels  less  than  0.28  ug/L  levels  of  1,1,1-TCA  have  been  detected 
twice  in  MW- 1012,  but  no  other  contaminants  have  been  detected  in  this  well. 
Groundwater  contaminants  have  not  been  detected  in  MW- 1040  since  the  well  was 
initially  sampled  in  1985.  Because  of  the  on-base  groundwater  flow  direction, 
the  two  monitoring  wells  in  the  Northeast  Area  are  helpful  in  determining 
upgradient  water  quality  and  identifying  any  on-base  migration  of  contami¬ 
nants. 
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RECOMMENDATIONS 


Based  on  the  analysis  of  the  hydrogeologic  and  analytical  data, 
limitations  of  the  existing  data  and  monitoring  well  network  were  identified. 
These  limitations  and  recommendations  to  overcome  the  deficiencies  of  the 
analytical  and  hydrogeologic  data  are  summarized  below.  The  data  needs 
identified  in  this  report  have  been  discussed  in  previous  reports  (Data 
Summary  Quarterly  Reports  and  the  Preliminary  Groundwater  Operable  Unit 
Remedial  Investiation  [PCOURI]).  Implementation  of  the  PGOURI  (Radian, 
March  1989)  will  address  most  of  the  data  needs  identified  in  this  report. 

In  Area  A  and  the  Southeast  Area,  there  are  a  lack  of  monitoring 
wells  from  which  to  measure  water  levels  and  collect  groundwater  samples. 
There  are  several  active  water  supply  wells  located  within  or  near  these 
areas.  The  active  wells  include  base  well  (BW)-20  and  BW-10,  located  north  of 
Area  A,  off-base  supply  wells  in  the  Southeast  Area  (NW-14  and  several 
CALTRANS  irrigation  wells),  and  BW-18  and  Sacramento  City  Wells  CW-150,  CW-132 
and  CW-131  located  southwest  of  Area  A.  The  effects  of  pumping  these  water 
supply  wells  cannot  be  determined  from  the  existing  monitoring  wells.  In 
addition,  historical  analytical  data  from  shallow  zone  monitoring  wells  and 
present  data  from  the  few  existing  monitoring  wells  indicate  that  there  is 
groundwater  contamination  beneath  Area  A.  However,  the  lateral  and  vertical 
extent  of  the  contamination  cannot  be  determined  from  sampling  the  existing 
monitoring  wells.  Baaed  on  these  findings,  installation  of  additional  wells 
has  been  recommended.  These  wells  should  be  located  along  the  base  boundary 
and  between  active  water  supply  wells  and  potential  sources  of  contaminants. 
A  total  of  22  monitoring  wells  at  8  well  cluster  location  are  planned  in  these 
areas  as  part  of  the  Hydrogeologic  Assessment  Work  Plan. 

In  Area  B  and  the  Southwest  Area,  there  is  also  a  need  for  addition¬ 
al  wells  to  further  define  the  effects  of  pumping  of  active  water  supply  wells 
and  the  extent  of  contamination.  The  effects  of  BW-18  and  other  active 
Sacramento  City  Wells  are  apparent  on  the  po tent iome trie  maps  generated  from 
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the  existing  monitoring  well  network  date.  However,  information  on  pumping 
schedules  and  additional  water  level  measurement  points  are  needed  to  assess 
the  individual  effects  of  pumping  these  wells.  In  addition,  wells  are  needed 
to  define  the  lateral  and  vertical  extent  of  contamination  in  the  Southwest 
Area  as  well  as  south  and  east  of  Area  B.  Additional  wells  will  be  installed 
between  BW- 18  and  the  Sacramento  City  Water  supply  wells  during  the  Spring  of 
1989  as  part  of  the  PGOURI. 

In  Area  C,  additional  wells  are  needed  to  measure  water  levels  in 
order  to  evaluate  the  Area  C  extraction  system.  The  location  and  screen 
depths  of  existing  monitoring  wells  in  the  vicinity  of  the  four  extraction 
wells  are  not  adequate  to  assess  the  hydraulic  gradients  resulting  from 
pumping  these  wells.  Additional  wells  are  needed  to  the  west  and  south  of 
Area  C  to  determine  the  lateral  and  vertical  extent  of  groundwater  contami¬ 
nation  and  to  monitor  long  term  water  quality  changes.  Based  on  these  find¬ 
ings  installation  of  additional  wells  is  recommended  to  measure  water  levels 
and  monitor  water  quality.  There  are  10  monitoring  wells  at  5  well  cluster 
locations  included  for  Area  C  in  the  Hydrogeologic  Work  Plan. 

In  Area  D  there  are  an  adequate  number  of  wells  to  define  the  effect 
of  the  extraction  system  on  hydraulic  gradients  and  long  term  water  quality 
charges.  However,  additional  wells  are  needed  south  of  Area  D  to  define  the 
southern  limits  of  the  extraction  system  and  to  monitor  water  quality  that  is 
regionally  downgradient  from  Area  D.  There  is  one  well  cluster  made  up  of 
three  monitoring  wells  planned  for  the  northern  end  of  Area  C  which  will  help 
in  this  evaluation,  but  at  least  one  additional  cluster  is  still  needed 
between  MW- 91  and  the  north  end  of  Area  C. 

Along  the  eastern  side  of  the  base,  there  are  few  monitoring  wells 
to  measure  water  levels  and  monitor  water  quality.  There  are  active  water 
supply  wells  located  both  on-  and  off-base  that  are  influencing  local  ground- 
water  flow.  The  effects  of  puaplng  BW-29  and  BW-10  cannot  be  determined  from 
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the  existing  number  of  monitoring  wells  in  the  eastern  portion  of  the  base. 
Additional  wells  are  needed  to  define  local  groundwater  flow  and  to  monitor 
water  quality.  As  part  of  the  PGOURI,  seven  wells  at  three  locations  are 
planned. 


The  planned  monitoring  wells  included  in  the  PGOURI  will  help  to 
define  local  groundwater  flow  patterns  and  to  assess  the  horizontal  and 
vertical  extent  of  groundwater  contamination  in  areas  where  the  extent  of 
contamination  is  not  well  defined. 
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APPENDIX  A 


Area  A  and  Area  B  and  Area  C  and  Area  D  and  Other 

Adjacent  On-Base  Areas  Adjacent  On-Base  Areas  Adjacent  On-Base  Areas  Adjacent  On-Base  Areas  On-Base  Areas 
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TABLE  A-2.  WELL  SPECIFIC  OATA  FOR  NETWORK  MONITORING  WELLS  LOCATED  ON  AND  IN  THE  VICINITY  OF  McCLELLAN  AFB 
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Ground  Surface  Screen  Interval  Bladder  Pump  Purge 

Well  Well  Deptji  Elevation  Casing  l.D.  Casing  Screen  intake  Depth  Depth  ^  Pump  Intajci 

Number  (ft  bgs)  (ft  msl)  (inches)  Material  Material  (ft  bgs)  (ft  bgs)  (ft  bgs) 
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Ground  Surface  Screen  Interval  Bladder  Pump  Purge 

Well  Well  Deptg  Elevation  Casing  I.D.  ig  Screen  Intake  Depth  Depth  ^  Pump  Intajti 

Number*  (ft  bgs)  (ft  msl)C  (inches)  Material  Material  (ft  bgs)  (ft  bgs)  (ft  bgs) 
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TABLE  A-3.  WELL-SPECIFIC  DATA  FOR  EXTRACTION  WELLS  LOCATED  ON  MCCLELLAN  AFB 
SECOND  QUARTER  1988  SAMPLING  AND  ANALYSIS  PROGRAM 
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APPENDIX  A-4.  SITE/LOCATION  SPECIFIC  DATA,  MCCLELLAN  AFB,  CALIFORNIA 


Site/ 

Location  ID 

Description 

Years  of 

Operation 

Location 

Contaminant 

Types 

AREA  A  AND 

ADJACENT  ON-BASE  AREAS 

PSPRL  25 

LANDFILL 

40' s- EARLY  50 's 

S  END  OF  N/S  RUNWAY 

NONE  DETECTED 

PSPRL  37 

LANDFILL 

EARLY  50 's 

ADJ.  TO  TAXIWAY  7165 

SOLVENTS 

PSPRL  39 

LANDFILL 

PRE-41 -46 

S  OF  BLD  351 

NONE  DETECTED 

PSPRL  40 

INDUSTRIAL  WASTEWATER  SLUDGE 

DRYING  BEDS 

55-72 

NE  OF  SANITARY  WTP 

SOLVENTS 

SITE  38 

UNDGRD  TANKS/SLUDGE  LANDFILL 

50 

BLD  475 

SOLVENTS 

PRIORITY  POLLUTANTS 

METALS 

UPRL  B-3 

LANDFILL 

UNKNOWN 

UNDER  BLD  251 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  B-4 

SLUDGE  DRYING  BED 

UNKNOWN 

S  OF  BLD  344 

SOLVENTS 

METALS 

UPRL  8-5 

LANDFILL 

UNKNOWN 

S  OF  BLD  375 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  B-7 

SPOIL  AREA 

UNKNOWN 

N  OF  BLD  243 

UNKNOWN 

UPRL  P-1 

DRAINAGE  DITCH/PONDS 

UNKNOWN 

W  OF  BLD878 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  P-2 

WASTE  POND 

UNKNOWN 

S  OF  BLD  687 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  P-3 

OIL  PIT 

UNKNOWN 

S  OF  BLD  251 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  P-4 

SUMP 

UNKNOWN 

E  OF  BLD  351 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  P-5 

OPEN  DITCH 

UNKNOWN 

N  OF  BLD  475 

SOLVENTS 

OTHER 

UPRL  P-6 

OPEN  OITCH 

UNKNOWN 

N  OF  BLD  475 

SOLVENTS 

OTHER 

IWTP  *  Industrial  Waste  Treatment  Plant 
UPRL  *  Unstudied  Potential  Release  Location 
PSPRL  *  Partially  Studied  Potential  Releasa  Location 
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APPENDIX  A-4.  (continued) 


Site/  Years  of  Contaminant 


Location  ID 

Description 

Operation 

Location 

Types 

AREA  A  AND 

ADJACENT  ON-BASE  AREAS 

UPRL  S-1 

PLATING  SHOP 

UNKNOWN 

IN  BLD  343 

SOLVENTS 

METALS 

CYANIDE 

UPRL  S-2 

CHEMICAL  UHARE HOUSE 

UNKNOWN 

IN  BLD  447 

SOLVENTS 

UPRL  S-3 

ACID  STORAGE  URHS 

UNKNOWN 

W  OF  BLD  447 

ACIDS 

UPRL  S-4 

TREATMENT  PLANT/SLUDGE  BEDS 

UNKNOWN 

N  OF  BLD  431 

SOLVENTS 

METALS 

PETROLEUM 

PRODUCTS 

UPRL  S-6 

IUTP  #1 

UNKNOWN 

E  OF  BLD  346 

SOLVENTS 

METALS 

UPRL  S-7 

IUTP  #3 

UNKNOWN 

NE  OF  BLD  475 

SOLVENTS 

METALS 

UPRL  S-8 

ELECTROPLATING  SHOP 

UNKNOWN 

IN  BLD  243G 

SOLVENTS 

METALS 

CYANIDE 

UPRL  S- 14 

PAINT  SHOP/SPRAY  BOOTH 

UNKNOWN 

BLD  22 

SOLVENTS 

PETROLEUM 

PRODUCTS 

UPRL  S- 15 

DEGREASER/SPRAY  BOOTHS 

UNKNOWN 

BLD  243 

SOLVENTS 

PETROLEUM 

PROOUCTS 

UPRL  S- 16 

SOLVENTS, PAINT, SPRAY  BOOTHS 

UNKNOWN 

BLD  250 

SOLVENTS 

PETROLEUM 

PRODUCTS 

UPRL  S- 17 

REPAIR  SHOP/SPRAY  BOOTHS 

UNKNOWN 

BLD  251 

SOLVENTS 

PETROLEUM 

PRODUCTS 

UPRL  S-18 

REPAIR  SHOP/CLEANING  SHOP 

UNKNOWN 

BLD  252 

SOLVENTS 

PETROLEUM 

PRODUCTS 

UPRL  S-19 

ENTOMOLOGY  STORAGE  AREA 

UNKNOWN 

NE  OF  SANITARY  WTP 

PESTICIDES 

UPRL  S-20 

PHOTO  LAB 

UNKNOWN 

BLD  336 

SOLVENTS 

METALS 

SILVER 

UPRL  S - 21 

DEGREASER/SPRAY  BOOTHS 

UNKNOWN 

IN  BLD  351 

SOLVENTS 

PETROLEUM 

PRODUCTS 

IVTP  *  Industrial  Waste  Treatment  Plant 
UPRL  *  Unstudied  Potential  Release  Location 
PSPRL  «  Partially  Studied  Potential  Release  Location 
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APPENDIX  A-4.  (continued) 


:zss::::sis 

Site/ 

Location  ID 

:3:3:::::::n::::s:::z32s:=s3:: 

Description 

333133X3333233333=333 

Years  of 

Operation 

Location 

Contaminant 

Types 

AREA  A  AND 

ADJACENT  ON-BASE  AREAS 

UPRL  S-22 

REPAIR  SHOP/SPRAY  BOOTHS 

UNKNOWN 

IN  BLD  355 

SOLVENTS 

PETROLEUM  PROOUCTS 

UPRL  S-23 

PLATING  SHOP 

UNKNOWN 

IN  BLD  358 

SOLVENTS 

METALS 

CYANIDE 

UPRL  S-24 

DEPAINT  UASHRACK 

UNKNOWN 

AT  BLD  375 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  S-25 

TRANSFORMER  SHOP 

UNKNOWN 

BLD  440 

PCB 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  S-26 

MAINT.  SHOP/SPRAY  BOOTHS 

UNKNOWN 

BLD  473 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  S-27 

SOLV.  RECOVERY  STILLS 

UNKNOWN 

BLD  478 

SOLVENTS 

UPRL  S-36 

OIL  DRUM  STORAGE 

UNKNOWN 

N  OF  BLD  410 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  S-37 

OIL  DRUM  STORAGE 

UNKNOWN 

N  OF  BLD  410 

SOLVENTS 

PETROLEUM  PROOUCTS 

UPRL  S-38 

DRUM  STORAGE 

UNKNOWN 

N  OF  BLD  431 

SOLVENTS 

UPRL  S-39 

NEW  MUSEUM  SITE 

UNKNOWN 

DUDLY  BLVD/PALM  ST 

SOLVENTS 

UPRL  T- 10 

SOLVENT  TANK 

UNKNOWN 

BLD  362 

SOLVENTS 

UPRL  T-12 

WASTE  OIL/SOLVENT  TANK 

UNKNOWN 

BLD  342 

SOLVENTS 

UPRL  T- 15 

TANK  FARM 

UNKNOWN 

N  OF  BLD  447 

SOLVENTS 

PETROLEUM  PROOUCTS 

UPRL  T- 16 

TANK  FARM 

UNKNOWN 

N  OF  BLD  475 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  T-17 

TANK  FARM 

UNKNOWN 

S  OF  BLD  350 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  T- 18 

TANK  FARM 

UNKNOWN 

E  OF  BLD  343 

SOLVENTS 

PETROLEUM  PROOUCTS 

IUTP  *  Industrial  Waste  Treatment  Plant 
UPRL  *  Unstudied  Potential  Release  Location 
PSPRL  *  Partially  Studied  Potential  Relaasa  Location 
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APPENDIX  A-4.  (continued) 


Site/ 

1 

1 

1 

1 

1 

1 

1 

1 

I 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Years  of 

II 

II 

II 

II 

It 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Contaminant 

Location  IC 

i  Description 

Operation 

Location 

Types 

AREA  A  AND 

ADJACENT  ON-BASE  AREAS 

UPRL  T- 19 

TANK  FARM 

UNKNOWN 

E  OF  BLO  344 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  T-20 

TANK  FARM 

UNKNOWN 

SW  OF  BLD  475 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  T - 21 

UNDERGROUND  SOLVENT  TANK 

UNKNOWN 

W  OF  BLD  342 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  T-30 

UNDERGROUND  SOLVENT  TANK 

UNKNOWN 

S  OF  BLD  252 

SOLVENTS 

UPRL  T-36 

500  GAL.  STODDARD  SOLV.  TANK 

UNKNOWN 

NEAR  BLD  329 

SOLVENTS 

UPRL  T-37 

STODDARD  SOLVANT  TANK 

UNKNOWN 

S  OF  BLD  360 

SOLVENTS 

UPRL  T-47 

OIL/WATER  SEPERATOR 

UNKNOWN 

E  OF  BLD  346A 

PETROLEUM  PRODUCTS 

AREA  B  AND 

ADJACENT  ON-BASE  AREAS 

PSPRL  30 

RAOIO/CHEM  LAB  LANDFILL 

LATE  50' S- EARLY  80 

'S  E  OF  BLD  628 

SOLVENTS 

METALS 

PSPRL  35 

SCRAP  METAL  BURIAL  PIT 

WWII 

BLD  652 

NONE  DETECTED 

PSPRL  36 

OPEN  STORAGE  AREA 

58-80 

N  OF  BLD  666 

SOLVENTS 

CYANIDE 

SITE  47 

ABANDON  PLATING  SHOP 

UNKNOWN 

BLD  666 

SOLVENTS 

METALS 

SITE  48 

ABANDON  IWTP 

UNKNOWN 

IWTP#4 

SOLVENTS 

METALS 

OIL/GREASE 

UPRL  B-1 

LANDFILL 

UNKNOWN 

E  OF  BLDG  700 

UNKNOWN 

UPRL  P-9 

OPEN  DRAINAGE  DITCH 

UNKNOWN 

N  OF  BLD  660 

SOLVENTS 

METALS 

UPRL  S-5 

IWTP 

UNKNOWN 

N  OF  BLD  652 

SOLVENTS 

METALS 

UPRL  S-9 

AS8EST0S  STORAGE 

UNKNOWN 

E  OF  BLD  642 

ASBESTOS 

IWTP  ®  Industrial  Waste  Treatment  Plant 
UPRL  *  Unstudied  Potential  Release  Location 
PSPRL  *  Partially  Studied  Potential  Release  Location 
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APPENDIX  A-4.  (continued) 


Site/  Years  of  Contaminant 


Location  ID 

i  Description 

Operation 

Locat i on 

Types 

AREA  B  AND 

ADJACENT  ON-BASE  AREAS 

UPRL  S- 12 

PCS  STORAGE 

UNKNOWN 

BLD  624 

PCB 

UPRL  S-13 

OPEN  STORAGE 

UNKNOWN 

BLDS  709,727,729 

SOLVENTS 

UPRL  S-28 

OIL/PAINT  STORAGE 

UNKNOWN 

N  OF  BLD  600 

OIL/GREASE 

UPRL  S-29 

PCS  STORAGE 

UNKNOWN 

IN  BLD  655 

PCB 

UPRL  S-30 

DEPAINT  UASHRACK 

UNKNOWN 

BLD  658 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  S-33 

HAZ.  HAT.  STORAGE 

UNKNOWN 

BLD  786 

SOLVENTS 

OTHER 

UPRL  S-34 

DEGREASER/PAINT  SPRAY  BOOTH 

UNKNOWN 

BLD  652 

SOLVENTS 

OTHER 

UPRL  S-35 

SOLV.  SPRAY  BOOTH 

UNKNOWN 

BLD  654 

SOLVENTS 

OTHER 

UPRL  S-41 

MAT  K  DRAINAGE 

UNKNOWN 

S  OF  BLD  711 

SOLVENTS 

PETROLEUM  PRODUCTS 

LEAD 

UPRL  T-6 

UNDERGROUND  SOLVENT  TANK 

UNKNOWN 

BLD  640 

SOLVENTS 

UPRL  T-7 

SOLV.  PIT/WASTE  THINNER  TANK 

UNKNOWN 

BLD  640 

SOLVENTS 

UPRL  T-8 

CONTAM.  FUEL  TANK 

UNKNOWN 

BLD  756 

PETROLEUM  PRODUCTS 

SOLVENTS 

UPRL  T-45 

OIL/UATER  SEPERATOR 

UNKNOWN 

N  OF  BLD  74 

PETROLEUM  PRODUCTS 

UPRL  T-46 

OIL/WATER  SEPERATOR 

UNKNOWN 

S  OF  BLD  764 

PETROLEUM  PRODUCTS 

UPRL  T-48 

OIL/UATER  SEPERATOR 

UNKNOWN 

S  OF  BLD  765 

PETROLEUM  PROOUCTS 

AREA  C  AND 

ADJACENT  ON-BASE  AREAS 

SITE  7 

SLUDGE/OIL  PIT 

62-74 

E  OF  BLD  701 

PRIORITY  POLLUTANTS 

OIL/GREASE 

PCB 

PSPRL  8 

SlUOGE/REFUSE  LANDFILL 

74-81 

NW  OF  BLD  774 

SOLVENTS 

PRIORITY  POLLUTANTS 

IWTP  *  Industrial  Waste  Treatment  Plant 
UPRl  ■  Unstudied  Potential  Release  location 
PSPRL  *  Partially  Studied  Potential  Release  location 
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APPENDIX  A-4.  (continued) 


Site/ 

Location  ID  Description 

Years  of 

Operation 

Location 

Contaminant 

Types 

AREA  C  AND 

ADJACENT  ON-BASE  AREAS 

PSPRL  9 

LANDFILL 

PRE-49-53 

W  OF  BLD  774 

PRIORITY  POLLUTANTS 

SITE  10 

LANDFILL 

53-55 

W  OF  BLD  774 

PRIORITY  POLLUTANTS 

PCB 

SITE  11 

LANDFILL 

55-57 

W  OF  BLD  774 

PRIORITY  POLLUTANTS 

SITE  12 

LANDFILL 

67-69 

SW  OF  BLD  774 

PRIORITY  POLLUTANTS 

SITE  13 

LANDFILL 

69-71 

W  OF  BLD  774 

PRIORITY  POLLUTANTS 

SITE  14 

LANDFILL 

71-74 

S  OF  BLD  701 

PRIORITY  POLLUTANTS 

PSPRL  15 

SODIUM  VALVE  TRENCH 

40-50 

SW  OF  BLD  774 

NONE  DETECTED 

PSPRL  16 

SODIUM  VALVE  TRENCH 

40-50 

S  OF  BLD  701 

NONE  DETECTED 

PSPRL  17 

LANDFILL 

57-59 

SE  OF  BLD  704 

SOLVENTS 

PSPRi  18 

LANDFILL 

57-59 

SE  OF  BLD  704 

NONE  DETECTED 

PSPRL  19 

LANDFILL 

57-59 

SE  OF  BLD  704 

HONE  DETECTED 

PSPRL  20 

SLUDGE/OIL  PIT 

56-57 

SE  OF  BLD  704 

SOLVENTS 

PSPRL  21 

SLUDGE/OIL  PIT 

56-57 

SE  OF  BLD  704 

SOLVENTS 

SITE  22 

BURN  PIT/LANDFILL 

46-68 

S  OF  IWTP  AERA.  BSN 

PRIORITY  POLLUTANTS 

PCB 

OIL/GREASE 

PSPRL  28 

SLUOGE  PIT 

PRE-72 

W  OF  IWTP 

PRIORITY  POLLUTANTS 

PSPRL  32 

RADIO/HAZ  WASTE  STORAGE 

PRE-63-68 

S  OF  IWTP 

PRIORITY  POLLUTANTS 

PSPRL  41 

LANDFILL 

MID-40's 

BLD  704 

PRIORITY  POLLUTANTS 

METALS 

SITE  42 

OIL  STORAGE/LANDFILL 

MI0-40's-60's 

IWTP  AERATION  BASIN 

PRIORITY  POLLUTANTS 

OIL/GREASE 

PCB 

SITE  43 

LANDFILL 

MID-40'S 

NW  OF  BLD  704 

PRIORITY  POLLUTANTS 

PSPRL  49 

LANDFILL 

50*s 

NE  OF  BLD  704 

NONE  DETECTED 

IMTP  * 

UPRL  * 

PSPRL  « 

Industrial  Waste  Treatment 
Unstudied  Potential  Release 
Partially  Studied  Potential 

Plant 

Location 

Release  Location 
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APPENDIX  A-4.  (continued) 


Site/ 

Location  ID 

Description 

Years  of 

Operation 

Location 

Contaminant 

Types 

AREA  C  AND  ADJACENT  ON-BASE  AREAS 

PSPRL  50 

SETTLING  POND 

MID-TO-LATE  50's 

NW  OF  BLD  704 

NONE  DETECTED 

PSPRL  51 

HOLDING  POND 

80  TO  PRESENT 

NW  OF  IWTP 

NONE  DETECTED 

SITE  52 

BURN  DEBRIS  PIT 

57 

NW  OF  BLD  704 

PRIORITY  POLLUTANTS 

PSPRL  53 

SETTLING  POND 

MID-TO-LATE  50's 

NW  OF  BLD  704 

SOLVENTS 

PSPRL  54 

STORAGE  AREA 

MID-60'S 

S  OF  BLD  704 

NONE  DETECTED 

PSPRL  55 

ACID  STORAGE  AREA/LANDFILL 

MID-50's 

S  OF  BLD  704 

SOLVENTS 

PSPRL  56 

STORAGE  AREA 

50's-60's-70's 

S  OF  BLD  704 

NONE  DETECTED 

PSPRL  57 

LANDFILL 

50's-60‘s 

S  OF  BLD  704 

NONE  DETECTED 

PSPRL  60 

HOLDING  POND 

CURRENT 

S  OF  IWTP 

NONE  DETECTED 

PSPRL  61 

CHEMICAL  WASTE  PIT 

54 

E  OF  BLD  722 

NONE  DETECTED 

PSPRL  62 

CHEMICAL  WASTE  PIT 

54 

E  OF  BLD  722 

NONE  DETECTED 

PSPRL  63 

UNLINEO  DITCH 

60's 

SE  OF  BLD  704 

NONE  DETECTED 

PSPRL  64 

UNLINED  DITCH 

60's 

SE  OF  BLD  704 

NONE  DETECTED 

PSPRL  65 

LANDFILL 

65 

E  OF  BLD  692 

NONE  DETECTED 

PSPRL  66 

DITCHES  AND  POND 

MID-60's 

W  OF  BLD  721 

NONE  DETECTED 

SITE  67 

LANDFILL 

PRE-47 

NW  OF  BLD  702 

PRIORITY  POLLUTANTS 

PETROLEUM  PROOUCTS 

PSPRL  68 

SLUDGE  PONDS 

40's 

W  OF  SITE  42 

PRIORITY  POLLUTANTS 

SITE  69 

BURN  PIT 

50 's 

SE  OF  BLD  704 

PRIORITY  POLLUTANTS 

UPRL  S-11 

BCE/PCE  STORAGE 

UNKNOWN 

BLD  636 

PCB 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  S-31 

AIRCRAFT  PAINT  HANGAR 

UNKNOWN 

BLD  692 

PAINTS 

SOLVENTS 

PETROLEUM  PROOUCTS 

IWTP  ■  Industrial  Waste  Treatment  Plant 
UPRL  •  Unstudied  Potential  Release  Location 
PSPRL  ■  Partially  Studied  Potential  Release  Location 
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APPENDIX  A-4.  (continued) 


f  I  i-Voi> 


3IUHUSM8aa&SSS3«X8SESXSSSSS»SSSSB8XSSSa»3SsasS&SS:SSSSS3S3:s5Sa:sSSSESSK:SSSSSSSSSSS5SSEISS»=SS:S=  =  S: 


Site/ 

Location  ID 

i  Description 

Years  of 
Operation 

Location 

Contaminant 

Types 

AREA  C  AND 

ADJACENT  ON-BASE  AREAS 

UPRL  S-32 

PAINT  STORAGE  AREA 

UNKNOWN 

BLD  694 

PAINTS 

SOLVENTS 

PETROLEUM  PRODUCTS 

AREA  0  AND 

ADJACENT  ON-BASE  AREAS 

SITE  1 

LANDFILL 

59-62 

NW  CORNER  OF 

BASE 

PRIORITY  POLLUTANTS 

SITE  2 

SLUDGE/OIL  PIT 

62-79 

NW  CORNER  OF 

BASE 

PRIORITY  POLLUTANTS 

SITE  3 

SLUDGE/OIL  PIT 

62-65 

NW  CORNER  OF 

BASE 

PRIORITY  POLLUTANTS 

SITE  4 

SLUDGE/OIL  PIT 

67-81 

NU  CORNER  OF 

BASE 

PRIORITY  POLLUTANTS 

SITE  5 

SLUDGE/OIL  PIT 

72-78 

NW  CORNER  OF 

BASE 

PRIORITY  POLLUTANTS 

SITE  6 

OIL  BURN  PIT 

72-78 

NU  CORNER  OF 

BASE 

SOLVENTS 

METALS 

PSPRL  27 

SODIUM  VALVE  TRENCH 

LATE  40 ‘s- EARLY 

50's  BLD  1085 

NONE  DETECTED 

PSPRL  33 

I  W  SLUDGE  LANDFARM 

72 

NU  CORNER  OF 

BASE 

SOLVENTS 

SITE  26 

SLUDGE/OIL  BURN  PIT 

EARLY  60' s 

NU  CORNER  OF 

BASDE 

SOLVENTS 

METALS 

SITE  A 

SLUDGE  DISPOSAL  PIT 

60's 

NU  CORNER  OF 

BASE 

SOLVENTS 

PRIORITY  POLLUTANTS 

METALS 

SITE  S 

FUEL/SOL VENT/OI LBURN  PIT 

62-68 

NW  CORNER  OF 

BASE 

SOLVENTS 

PRIORITY  POLLUTANTS 

PETROLEUM  PROOUCTS 

SITE  T 

FUEL/SOLVENT  SLUDGE  PIT 

64-66 

NW  CORNER  OF 

BASE 

SOLVENTS 

PRIORITY  POLLUTANTS 

METALS 

PETROLEUM  PROOUCTS 

UPRL  T- 11 

UNDERGROUND  STORAGE  TANK 

UNKNOWN 

BLD  1093 

SOLVENTS 

IUTP  •  Industrial  Waste  Treatment  Plant 
UPRL  *  Unstudied  Potential  Release  Location 
PSPRL  *  Partially  Studied  Potential  Release  Location 
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APPENDIX  A-4.  (continued) 


ss==as=s=s:SE=S3sassssss=s=2S3==5s=ssssss35as»Ms«*laB«*aa33s353“sass«sasxtss5sss=sssj3saasasrsss: 


Site/ 

Location  ID 

Description 

Years  of 
Operation 

Location 

Contaminant 

Types 

OTHER  ON-BASE  AREAS 

PSPRL  29 

LANDFILL 

50's-60's 

NE  OF  BLD  700 

NONE  DETECTED 

PSPRL  31 

INCINERATOR  ASH  BURIAL  PIT 

63-68 

NEAR  BLD  680 

ARSENIC 

PSPRL  34 

WASTE  SOLVENT  STORAGE  TANKS 

50-53 

ADJ.  TO  TAXIWAY  7165 

SOLVENTS 

OIL/GREASE 

SITE  23 

LANDFILL 

66-69 

BLD  781 

PRIORITY  POLLUTANTS 

SITE  24 

LANDFILL 

66-69 

E  OF  BLD  621 

PRIORITY  POLLUTANTS 

UPRL  B-6 

WASTE  AREA 

UNKNOWN 

N  OF  N/S  RUNWAY 

UNKNOWN 

UPRL  P-7 

OPEN  DITCH 

UNKNOWN 

NE,T0  AREA  D 

PETROLEUM  PROOUCTS 

UPRL  P-8 

ACID  AND  CYANIDE  PIT 

UNKNOWN 

S  END  OF  N/S  RUNWAY 

ACID 

METALS 

UPRL  S-10 

STORAGE  AREA 

UNKNOWN 

NW  OF  BLD  1086 

SOLVENTS 

RADIATION 

UPRL  S-40 

TROOP  ISSUE  SITE 

UNKNOWN 

NW  OF  BLD  910 

UNKNOWN 

UPRL  S-42 

HOBBY  SHOP/M&R  UASHRACK 

UNKNOWN 

N  OF  BLD  1439 

SOLVENTS 

PETROLEUM  PROOUCTS 

UPRL  S-43 

AIRCRAFT  UASHRACK 

UNKNOWN 

NE  CORNER  OF  MAT  V 

SOLVENTS 

PETROLEUM  PRODUCTS 

UPRL  S-44 

AIRCRAFT  MAINT.  AREA 

UNKNOWN 

S  OF  BLD  1071 /MAT  U 

SOLVENTS 

PETROLEUM  PROOUCTS 

UPRL  S-45 

AIRCRAFT  MAINT.  AREA 

UNKNOWN 

W  OF  BLD  878 

SOLVENTS 

PETROLEUM  PROOUCTS 

UPRL  T-31 

UNDERGROUND  STORAGE  TANK 

UNKNOWN 

NEAR  BLD  1028 

SOLVENTS 

UPRL  T-32 

UNDERGROUND  STORAGE  TANK 

UNKNOWN 

NEAR  BLD  1023 

SOLVENTS 

UPRL  T-33 

UNDERGROUND  STORAGE  TANK 

UNKNOWN 

NEAR  BLD  1021 

SOLVENTS 

UPRL  T-44 

STOOD ARD  SOLVENT  TANK 

UNKNOWN 

NW  OF  BLD  1048 

SOLVENTS 

IWTP  ■  Induetrial  waste  Treatment  Plant 
UPRL  *  Unstudied  Potential  ilelease  Location 
PSPRL  «  Partially  Studied  Potential  Release  location 
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COMPILATION  OF  AVAILABLE  SAMPLE  ANALYSES 
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Amlytical  data  for  EW-63  and  EW-69  appear  inter  Mf-63  and  M4-69 
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•  First  flaLd  A  fill can  mmlysla  SAC  -  Radian  Analytical  Services,  Sacramento  NA  -  Not  analysed 

■  Stead  fluid  Ayi  Iratg  nlysU  ME  -  Not  established 

■  Seocrd.  lahnratoiy  dpi  leer*  analysis 
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Lterian  (IDC) .  Indicates  result  below  CDC. 
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